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ABSTRACT 

This study was conducted to determine whether the 
symbolic form of achievement test items Influences student 
performance and whether teachers' use of different symbolic forms 
during instruction influences estimates of student achievement. The 
analyses conducted to examine these issues used student achievement 
test data and teacher responses to questions about their 
instructional methods from the Second International Mathematics Study 
(SIMS) of eighth-graders. Most items used traditional symbolic forms, 
but some used alternative forms such as diagrams r graphs, or verbal 
expressions. To investigate the effects of symbolic form, it would be 
necessary to hold other features of the test Item constant (numerical 
complexity, for example); this was not possible with SIMS data. There 
were significant relationships uctween teachers' use of symbolic 
forms and student achievement. Results suggest that the use of 
alternative symbolic forms may be important for student learning of 
mathematics. A 14-item list of references is included. An appendix 
contains 29 tables of data from the analyses r and 16 figures 
illustrating symbolic forms. (SLD) 
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Introduction 



Cognitive psychologists have long recognized that mathematical problem- 
sol vli often Involves translating from the symbolic representation of the problem 
as given to another symbolic form In which the problem can be solved (e.g., 
Clement, Lochhead, & Monk, 1980; Hooper, 1981; Nesher, 1982; Shavelson, 1981; 
Shavelson & Salomon, 1985). AlterndUve symbolic representations of problems 
Include, for example, words, numbers, algebraic symbols, tables, graphs, diagrams, 
and pictures (see Hooper, 1981). Lesh, Post, and Behr (1987) go so far as to claim 
that^the ability to do...translations are significant factors influencing both 
mathematical learning and problem-solving performance" (n. 7). Indeed, students 
able to solve mathematical problems do so by representing the problems not In a 
single symbol system, but in several systems, each corresponding to different parts 
of a word problem (Lesh, Landau, & Hamilton, 1983). Furthermore, it is well 
documented that many students have difficulty translating from one symbolic form 
to another (Clement, Lochhead, & Monk. 1980; Galvin & Bel, 1977; Hooper, 1981; 
Nesher, 1982; Paige & Simon, 1966). 

By concentrating on few symbolic representations (numbers, algebraic 
symbols, words) for any particular concept, typical mathematics achievement tests 
give incomplete information about a student's ability to iOlve problems (see, for 
example, Cronbach, 1984; Frederikson, 1984; Messlck, 1984). Thus, to obtain 
maximum information about students' ability to solve problems related to a 
mathematical concept, an achievement test should include items that explicitly and 
thoroughly test students' ability to translate between different symbolic 
representations: items that require students to (a) interpret information presented 
in different symbolic representations and (b) generate different symbolic 
representations from a ji,Iven one. 

Tests that systematically vary symbolic representation of the problem as 
given and the responses required do not yet exist. However, comprehensive 
mathematics tests that incorporate some variability in the symbolic form of the 
problem do exist. ITie one analyzed here is the 180-item eighth-grade test from the 
Second International Mathematics Study (SIMS), a test that was designed to cover 
the full range of topics taught in eighth-grade mathematics. Data from this test are 
available for large samples of students from the U.S. and many other countries 
around the world. The first purpose of the study reported here, then, was to 
explore the effects of symbolic form of achievement test items (both the problem as 
presented and the response required) on student performance on this large-scale 
standardized test. Examining the role of symbolic representation in achievement in 
the context of existing data is an important first step before tests and instruction 
that systematically vary symbolic form can be developed. Analyses of these data 
may reveal important questions that new tests can be designed to answer. 

A closely related issue Is whether students' ability to translate between 
different symbolic representations Is linked to the instruction that students receive. 
Students may perform better with some symbolic forms than others because they 
have experienced them during instruction. The second purpose of the present 
study, then, was to explore the relationship between teacher use of various 
symbolic forms in instruction and student achievement. The data for this phase of 
the study came from an extensive questionnaire that asked SIMS teachers about 
their instructional methods. These data provided a unique opportunity to analyze 
the relationship between teacliers' Instructional methods and student achievement. 



o 

ERIC 



1 

5 



The Effect of Symbolic Representation of Test Items on Achievement 
Classification of SIMS Items 

The first set of analyses focused on the role of the symbolic representavlon 
of the test Item on student performance. To determine the effect of symbolic 
representation, It Is necessary to control other features of the problem as much as 
possible. Most Importantly, It Is Important to control for the concept or content 
being tested. Comparison of performance across symbolic forms of Items Is sensible 
only for Items measuring the same concept. Consequently, clusters of Items on the 
SIMS test that measured the same concept or content but varied the symbolic form 
of the problem were Identified. Item clusters were Identified on the basis of the 
symbolic form of the Item stem and of the response required. Altogether, six 
clusters of Items that varied the symbolic form of the Item stem could be Identified 
on the SIMS test. The topics of the six Item clusters were: (d) proportional 
reasoning (9 Items), (b) dlstance-rate-tlme (8 Items), (c) volume (5 Items), (d) 
generating formulas or equations (5 Items), (e) statistics (3 Items), and (f) coordinate 
systems or graphs (4 Items). All Items required a numerical response; that Is, 
students were asked to choose among different numerical alternatives. The Items In 
each cluster appear In Figures 1 through 13. 

As can be seen In Figures 1 through 13, the symbolic forms of the Item stems 
were classified as either a word, table, diagram, graph, or algebraic/numerical 
algorithm problem. An Item was classified as a word problem If It described the 
problem In words, rather than using words only to give directions or embedding 
words In a predominantly numeric/algebraic problem. Table problems gave 
information In a table that was needed to solve the problem. Diagram and graph 
problems gave information In diagrams and graphs, respectively. Algorithmic 
problems were posed In symbolic terms (algebraic/numeric) wlthot the context 
being described in words. It should be noted that the symbolic forms of the 
problems are not "pure"; the table, diagram, and graph problems all had 
accompanying verbal text, although some problems could be solved without using 
the Information given In the verbal text. 

Additional clusters of items that were Identified varied the symbolic fomi of 
the response required instead of the symbolic form of the stem of the item. For 
example, five items on the SIMS test Included tables of information as part of the 
item. But two of these items required students to give a numerical answer, two 
required students to generate a formula, and one required students to locate a 
position on a bar chart (see Figure 14). Five other problems included bar charts and 
asked students to generate a verbal desaiption or a numerical response (see Figuic 
5). Finally, two problems Included geometric diagrams but asked students to select 
an algebraic expression or a number (see Flgi re 16). 

The identification of these clusters of items showed that the SIMS test did 
vary the symbolic form of the problem for some concepts. The variability of 
symbolic form of the response required, however, was slim: The vast majority of 
items required numerical responses. Only a minority called for a response in 
algebraic, verbal, or other symbolic forms. 

Patterns of Achievement Across Symbolic i orms 

Tables 1 through 7 give the mean pretest performance, mean posttest 
performance, and pre-post gains for each item in the clusters identified above. In 
all cases, the results clearly show that the symbolic form of the item was not a aitical 
factor In determining student performance on the items in the SIMS test. The 
variability of performance aaoss items with the same symbolic form was typically 
greater than the variability l)etween different symbolic forms. In Table 1 



(proportional reasoning) for example, word problems, table problems, and diagram 
problems had comparable difficulty (on the average). The variability of Items withm 
a symbolic form, however, was striking. Taking an extreme case, the proportions of 
students correctly answering the two problems with tables were 23% and 78%, 
respectively, on the posttest. 

Inspection of the items In each set suggests numerous factors that mav 
Influence Item difficulty more than does symbolic form. Items with the same 
symbolic form often showed substantial differences on many factors. The 
proportional reasoning problems, for example, differed In the complexity of the 
numerical relationships Involved (e.g., a ratio of 1:4 verses 3:7), the use of whole 
Integers or dedmal numbers, whether the ratio was made explicit in the problem 
("the ratio of 2 to 5") or had to be inferred from words Ca boy 5 units tall casts a 
shadow 3 units long") or from numbers given, the numbet of values to be calculated 
(1 verses 2), and whether metric units were Involved. Since the Items varied 
unsystematically on these factors, it is impossible to isolate the effects of any one. 
But it Is quite likely that they overwhelmed any effects of tlie symbolic form itself. 

Because It Is not possible to Isolate the effects of symbolic form on 
achievement for any concept area, the remaining analyses did not compare 
performance aaoss Items with different symbolic forms, but instead focused on the 
relationship between Instruction and achievement within symbolic forms. 

Relationship between General Teaching Styles and Achievement 

The majority of the analyses In this study focused on teachers' use of 
different symbolic representations during Instruction and the relationship between 
leaching style and achievement. Identification of teaching methods was carried out 
at two levels. At a general or macro level, teaching methods were Identified that cut 
aaoss large content domains (e.g., fractions or algebra). At a more specific or micro 
level, teaching methods were Identified with respect to particular topics or concepts 
(e.g., proportional reasoning, volume of rectangular solids). This section describes 
me analyses and results at the general level (general teaching styles) and the next 
section describes the analyses and results at the specific level (topic-specific 
teaching methods). 

IdentificaUon of General Teaching Styles 

Two strategies were used to identify teaching styles: factor analysis and 
logical groupings of teaching variables. Teaching styles were dentlfled for two 
general content areas defined on the SIMS teacher questionnaire: fractions and 
algebra. Because the factor analyses of the other three content areas— ratio, 
proportion, and percent, measurement, and geometry— were not Interpretable, the 
results are not reported or discussed here. 

Factor analyses. For each, factor analysis, all teacher items that pertained to 
the use of a symbolic representation were Included. These Items either explicitly 
mentioned use of a particular symbolic representation (e.g., use of tables of data) or 
Indirectly referred to symbolic representation in the context of a particular method 
(algebraic approach to solving proportional equations). 

For both content areas, two factors emerged: symbolic flexibility and rules 
Most of the teacher items for the symbolic flexibility factors concerned the use of 
alternative representations for fractions or algebraic expressions (e.g., tables, graphs, 
diagrams, manipulable aids or activities) or manipulations of Information presented 
in alternative forms. The rules factors consisted predomlnantiy of teacher use of 
numerical or algebraic procedures for manipulating fractions or algebraic expressions. 



The teacher questionnaire Items and factor loadings for fractions and algebra appear 
In Tables 8 and 9, respectively. 

The questionnaires for the content areas also had a number of Items soliciting 
teachers' opinions about aspects of teaching and student achievement. The factor 
analysis of the opinion Items for algebra yielded two interpretable factors: 
perceived student difficulty (a high score indicating a strong belief that students 
have difficulty In solving algebra problems), and importance of conceptual 
understanding (a high score indicating a strong belief that it is important for students 
to conceptually understand problem-solving procedures). The opinion Items and 
factor loadings appear in Table 10. 

Analyses of the distributions of teacher variables show that most teachers 
used or emphailzed the majority of instructional methods Usted. For fractions, 65% 
of teacliers used or emphasized the methods corr spending to symbolic flexibility 
and 56% used or emphasized the methods corresponding to use of numeric rules. 
For algebra, 58% of teachers used or emphasized the methods corresponding to 
symbolic flexibility and 86% of teachers used or emphasized the methods 
corresponding to use of algebraic mles. Furthermore, on the opinion items, teachers 
on the average moderately agreed with statements suggesting that students had 
difficulty with the material and moderately agreed wl»h statements suggesting that 
conceptual understanding is Important. 

Logical groupings of teacher items. Inspection of the factor solutions 
showed that although the majority of teacher items corresponded to the general 
categdes of symbolic flexibility and numeric/algebraic rules, some items did not. To 
produce "cleaner" groupings of Items, items were grouped on a logical basis using the 
general categories of teaching styles suggested by the factor analyses. The resulting 
groupings of items for fractions and algebra appear in Tables II and 12, respectively. 
For algebk-a, an additional grouping of items was identified: use of applications in 
problems (e.g., story problems). (The fractions questionnaire did not ask teachers 
about use of applications.) For each grouping of teacher items, a composite was 
formed weighting items equally. 

Identifying teaching style on logical grounds yielded somewhat different 
distributions than the teaching style factors emerging from the factor analyses. For 
fractions, teachers used fewer methods corresponding to symbolic flexibility (53%) 
and more methods corresponding to use of numeric rules (68%). For algebra, 
teachers used more methods corresponding to symbolic flexibility (64%) and fewer 
methods corresponding to use of alg'»bralc rules (64%). For the new algebraic factor, 
use of applications, 6% of teachers reported using or emphasizing appllcatiofis in 
their Instruction. 

Relationship between General Teaching Styles and Achievement 

We expected that Instruction emphasizing alternative symbolic 
representations would be beneficial for performance on items that were presented 
In non-traditional symbolic forms or contexts (e.g., word problem in which 
procedures to be carried out are not clearly specified or inferred; problems with 
tables or diagrams). We also expected that Instnictlon emphasizing numeric or 
algebraic rules would be beneficial for Items presented In "traditional" ways, that Is, 
in which the procedures to be carried out are clearly specified or Inferred (e.g., 
procedural problems or word problems of a clearly recognizable "type"). Specifically, 
we hypothesized that high scores on the symbolic flexibility factors would be 
positively related to performance on non-traditional Items, and that high scores on 
the rules factors would be positively related to performance on traditional items. 
Furthermore, we expected that use of applications in instruction would be 



beneficial for problems on the test phrased as applications (typically, word problems 
presented in a meaningful context). 

To determine the relationship between teaching styles and student 
achievement, multiple regiesslon analyses were conducted for each test item, using 
pretest scores and teaching styles as predictors. The unit of analysis was the class 
mean. For the fractions teaching styles, multiple regression analyses were 
conducted for 11 fractions items on the SIMS test; for the algebra teaching styles, 
multiple regression analyses were conducted for all algebra items on the test. The 
fractions and algebra classifications are those used by the SIMS test developers. To 
determine the relationship between teaching style and achievement, it was 
important to analyze only those classes that had an opportunity to learn the 
material necessary to answer an item. If students were not taught the material 
needed to answer an item, it would not matter what instructional method a teacher 
used Consequently, the analyses for each Item included only those classes whose 
teachers reported that they taught the material needed to answer the item during 
that year. 

Fractions teaching styles. The results of the multiple regression analyses ot 
fractions achievement appear In Tables 13 and 14. The results are sometimes quite 
different for the teaching style factors from the factor analysis and for the teaching 
styles resulting from logical groupings of Instructional Items on the questionnaire. 
The results using the logical groupings are stronger and more Inlerpretable, so the 
discussion here focuses on them CTable 14). 

Symbolic flexibility Is a positive predictor of fractions achievement for 12 
test items. However, most of these Items were straightforward procedural Items, 
asking students to carry out manipulations using fractions, decimals, or percents. 
Symbolic flexibility was not a significant predictor for most of the Items Involving 
alternative symbolic forms (e.g., number line, diagram, region of a square). On'y 
three of the regression coefficients for use of numerical rules were statlsHcauy 
significant, only slightly more than would be expected by chance, so they are not 
interpret! d here. The only noteworthy result is that they are all negative, which is 
true for e ver half of the nonsignificant coefficients as well. 

There are at least two possible Interpretations of the positive effect of use of 
alternative symbolic representations In Instruction on performance on procedural 
test Items. The question Is whether the teacher's Instmctlonal style Influences 
studr nt achievement or whether the teacher's instructional style Is a response to 
pre-existing strengths and weaknesses of students. 

The first Interpretation Is that emphasizing alternative sy: jollc 
representations Is beneficial for achievement on traditional types of fractions 
problems (those that emphasize procedures). P rhaps using alternative 
representations helps students understand the concepts behind the procedures. 
Increased conceptual understanding may help students remember and correctly 
apply the procedures. 

Alternatively, teachers may have been adapting their Instructional styles to 
pre-existing patterns of student achievement. That Is, teachers who emphasized 
alternative symbolic representations may have had students who already showed 
mastery of procedures for manipulating fractions. Since the analyses controlled for 
pretest achievement, it Is unlikely that the latter explanation Is the predominant 
one The only satisfactory way to resolve this Issue, however. Is through controlled 
experimentation In which comparable groups of students are given instruction In 
fractions that systematically varies the emphasis on alternative symbolic 
representations. 



Algebra teaching styles. The results for the two regression analyses, 
teaching styles from the factor analysis verses logical Identification of teaching 
styles, yielded quite different results, mainly because of the addition of the third 
teaching style, use of applications, in the latter analyses. The analyses using 
teaching styles from the factor analysis (Table 15) suggest a positive effect for 
symbolic flexibility for some Items and a negative effect for use of algebraic rules for 
other Items. Most of the items for which symbolic flexibility was a significant 
(positive) predictor were not straightforward algebraic procedural Items. They were 
word problems (Items 013, 052, 152) or problems that asked students to do a non- 
tradltlonal task, such as "choose between several number lines" (Item 082; see Table 
15). 

Interestingly, all of the significant coefficients for use of algebraic rules (from 
the factor analysis) were negative. The greater the teachers' reported use of 
algebraic rules, the lower was student achievement. Nearly all of these items were 
presented in strictly numerical or algebraic terms without any meaningful context. 

When the use of the applications teaching style was added to the regression 
analyses (along with some modifications in the symbolic flexibility and algebraic rule 
groupings compared to the factor analyses), most of the significant effects for 
symbolic flexibility and use of algebraic rules disappeared (Table 16). Instead there 
appeared a positive effect for use of applications during Instruction. Interestingly, 
the vast majority of the items with significant coefficients for use of applications 
during instruction did not Involve applications. Rather, they were procedural 
problems asking students to solve or simplify algebraic or numerical expressions. For 
most of the applications test items (e.g., story problems), the use of applications 
teaching style was not a significant predictor of performance. 

As was true of the fractions results, the interpretation of the algebra results is 
somewhat ambiguous. Use of applications in instruction may be beneficial for 
achievement, however, teachers who emphasized applications may have done so 
because students already showed mastery of algebraic procedures. Again, although 
controlling for pretest achievement lends credence to the first interpretation, only 
experimentation \\vlll resolve the issue. 

Algebra teacher opinions. Although most of the regression coefficients for 
the algebra opinion .'actors were nol statistically significant, they do form a 
consistent pattern Crable 17). First, nearly all of the coefficients for "perceived 
student difficulty" airij- negative. The more difficulty that teachers believed their 
students had, the lower the performance on the achievement test. As in the 
algebra teaching styles, two interpretations are possible. First, teachers' beliefs may 
shape their instruction and, consequently, student achievement. Or, teachers' 
beliefs may be a function of pre-existing student difficulties. These analyses control 
for pretest achleverrient, however, so the negative relationship for teacher beliefs 
holds even among classes with the same starting achievement level. This tends to 
support the ff mer interpretation. 

Very few of the regression coefficients for "importance of conceptual 
understanding" are statistically significant, althour»' most are positive. This suggests 
that classes with teachers who believe that conceptual understanding is important 
tend to show relatively high performance on algebra items. One would expect that 
teachers who believe in the importance of conceptual understanding would 
emphasize it in their teaching. And conceptual understanding may give students a 
more varied repertoire of skills for solving problems than Instruction that does not. 
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Ideatification of Topic-Specific Teaching Methods 

The analyses and results described above deal with general content domains: 
fractions and algebra. A more specific approach to Identifying teaching methods was 
also carried out. For these analyses, the focus was on four of the specific topics 
identified on the test: proportional reasoning, dlstance-rate-tlme, volume, and 
generating formulas or algebraic equations. These topics were selected because (a) 
items on the SIMS test were varied in symbolic form and (b) items on the teacher 
questionnaire specifically addressed these topics. 

Two sets of analyses were conducted for the specific topics. First, questions 
on the teacher questionnaire dealing with a topic were grouped logically into 
Instructional categories that seemed coherent. The relationship between these 
teaching categories and achievement was then explored. Second, the teacher iiCms 
were not grouped into categories, but served as the basis for duster analyses of 
teachers to identify groups of teachers with similar styles. Differences in 
achievement for these teachers were then explored. 

Initially, we had hoped to aeate categories of teaching methods that would 
correspond to different symbolic representations. For example, use of word 
problems, problems with tables, problems with graphs. These dimensions could 
then be related to student performance on test items presented in different 
symbolic forms. Unfortunately, however, few items on the teacher questionnaire 
addressed the symbolic representation of instruction for a specific topic. So broader 
groups of items were formed that sometimes concerned symbolic representation but 
incorporated other elements. The resulting groupings of teacher questionnaire 
items for each topic appear In Tables 18 through 21. The Items seemed to group 
naturally according to whether methods were based on conventional symbolic forms 
(numerical, algebraic) or alternative forms (tables, graphs), were presented In the 
abstract or In a real context, whether problems were open-ended or presented as a 
cleariy-spedfled procedure, and whether manlpulable aids were used. For 
proportional reasoning, for example, the teaching methods Identified were: (a) use 
of numerical methods In abstract, symbolic terms, (b) use of numerical methods In a 
real context, (c) use of open-ended problems presented In a real context, and (d) 
use of construction and measurement (pertaining to similar triangles). 

Clusters of teachers. Another analytic approach used to differentiate 
among teaching - tyles for the four spedflc topics (proportional reasoning, distance- 
rate-tlme, volvwie, generating equations) was duster analysis. In these analyses, 
teachers were dustered according to their responses on the teacher questionnaire 
Items pertaining to the topic. As In the analyses described above, only teachers who 
responded that they taught the material to enable students to answer all Items 
corresponding to a spedflc topic were Included. 

The cluster analyses were condurted using the computer program CLUSTAN 
(a combination of the Ward method and an alternative procedure called K-Means 
produced the most Interpretable and reliable duster solution). The means aiiu 
standard deviations of the teaching variables for each duster are presented in 
Tables 22 through 25 for the four spedflc topic areas. For proportional reasoning 
and distance-rate-time, most teachers dustered In a single duster, making it 
inappropriate to compare teaching styles aaoss clusters. For volume, teachers in 
both of the two main dusters emphas'zed use of physical models, although the first 
cluster also emphasized measurement of objects. For generating equations, teachers 
in both of the two main dusters emphasized deriving formulas from verbal 
descriptions. 
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RelaUonship between Topic-Specific Teaching Methods and Achievement 

Logical groupings. Only teachers who reported that they had taught 
material relevant to all of the Items In a topic (e.g., proportional reasoning ) were 
Included. This produced smaller samples of teachers than the previous analyses. 
Because the samples were too small to use multiple regression analysis with all of the 
teaching methods as predictors, partial correlations between teaching methods and 
posttest achievement controlling for pretest achievement were calculated (Tables 26 
through 29). 

Although few of the partial correlations are .statistical./ significant, there 
seems to be one consistent trend across topics. All of the significant results for 
solving problems In a real context are positive, suggesting that attaching meaning to 
problems may be beneficial for achievement. On the other hand, using methods 
that deal with the symbols themselves without meaning attached to the procedures 
shows mixed relationships with achievement— with positive, negative, and 
nonsignificant correlations with no clear pattern. No clear pattern of relationships 
emerged for manipulative methods or non-tradltlonal symbolic forms (e.g., graphs, 
tables). 

Differences between teacher clusters. To determine whether clusters of 
teachers produced different levels of student achievement, analyses of covarlance 
between clusters were conducted using pretest scores (class means) as the covarlate. 
These analyses Included only the two main clusters for volume and the two main 
clusters for generating formulas or equations. For volume, no analysis produced 
statistically significant results. For generating formulas or equations, only one 
significant result emerged: Cluster 2 had higher achievement than Cluster 1 on Item 
052 (generate the equation for the following verbal problem: "The cost of printing 
greeting cards consists of a fixed charge of 100 cents and a charge of 6 cents for each 
card printed"). However, because the clusters of teachers were so similar on 
teaching methods, It Is difficult to explain why they differed on this one Item In 
particular. This may have been a chance results. In conclusion, then, teacher 
clusters basically did not differ on achievement. 

Conclusions 

This study set out to determine whether symbolic form of achievement test 
Items influences student performance and whether teachers' use of different 
symbolic forms during Instruction Influences estimates of student achievement. The 
analyses conducted to answer these questions used student achievement test data 
and teachers' responses to questionnaires about their Instmctional methods from the 
Second International Mathematics Study (SIMS, eighth grade). 

Most items on the SIMS achievement test Msed traditional symbolic forms- 
numbers or algebraic expressions. A minority of Items used alternative symbolic 
forms (e.g., diagrams, graphs, verbal expressions). Identifying items using different 
symbolic forms for the same mathematical concept revealed that Items varied 
substantially on a number of additional factors, such as the complexity of the 
numbers involved, making it impossible to isolate the effects of the sjmibollc form of 
the item per se. To investigate the effects of symbolic form on student 
performance, it will be necessary to hold constant features of the item other than 
symbolic form (such as numerical complexity, the exact concept being tested, metric 
verses non-metric units, the context of the problem). It Is possible that such a test 
may reveal effects of symbolic form in a way that analysis of the SIMS test— which 
was not designed to answer *his question— could not. 

Concerning the relationship between teachers' use of different symbolic 
forms during Instruction and student performance, the analyses performed here 
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showed dOme significant relationships. The strongest results were for the following 
teacher styles: symbolic flexibility during Instmctlon (emphasis on or use of non- 
traditional synibolic forms), use of applications of mathematical procedures, and use 
of real contexts In math problems. All of these teadtlng styles were positively 
related to achievement for some groups of Items. Teaching styles that emphasized 
use of mathematical procedures (rather than applications In a meaningful context) 
in traditional symbolic fornis (e.g., numbers, algebra) consistently had little or no 
relationship with awhievement. 

These results suggest that use of alternative symbolic forms during Instruction 
may be Important for student learning of mathematics. A logical next step Is to carry 
out experimental studies In which Instruction is systematiciUy varied and student 
performance is compared. In combination with specially designed tests that 
systematically vary symbolic form of the item, such studies have considerable 
promise for clarifying the role of symbolic form In mathematics Instruction and 
achievement. 
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TABLE 1 

MEAN PERCENT CORRECT FOR ITEMS PRESENTED IN DIFFER^-NT SYMBOLIC 

FORMS*. 
PROPORTIONAL REASONING 





Total (n » 


181) 


Typical (n » 


113) 


Enriched (n 


« 49) 


Algebra (n « 


19) 


ITEM 


Pre 


Post 


d [a] 


Pre 


Post 


d 


Pre 


Post 


"T" 


Pre 


Post 


■ T 


Words 


























047 


4 6 


5 9 


1 3 


3 9 


52 


1 3 


5 1 


70 


1 9 


74 


7 5 


1 


079 


3 3 


43 


1 0 


29 


39 


1 0 


35 


49 


1 4 


54 


62 


8 


1 43 


5 7 


58 


1 


5 2 


53 


1 


62 


6 6 


4 


78 


7 1 


- 7 


1 90 


5 0 


55 


5 


4 5 


50 


5 


55 


63 


8 


80 


8 0 


0 


026 


33 


44 


1 1 


30 


38 


8 


31 


50 


1 9 


57 


67 


1 0 


Table 


























1 42 


1 7 


23 


6 


. 3 


1 7 


4 


22 


2 7 


5 


21 


38 


1 7 


1 52 


66 


78 


1 2 


6 1 


7 1 


1 0 


66 


83 


1 7 


84 


92 


8 


Diagram 


























156 


36 


51 


1 5 


33 


44 


1 1 


39 


62 


23 


52 


79 


27 


1 9/ 


36 


47 


1 1 


32 


4 1 


9 


39 


56 


1 7 


53 


56 


3 



[a] dsdifference between pretest and posttest 

Note: Unit of analysis«class mean. Only classes wtiose teachers reported that they taug..t the 
material relevent to an item during the current year Included in this table. 

Note: 



0TL = 5 



TABLE 2 

MEAN PERCENT CORRECT FOR ITEMS PRESENTED IN DIFFERENT SYMBOLIC 

FORMS: 
DISTANCE-RATE-TIME 



Total (n » 147) Typical (n « 97) Enriched (n « 42) Algebra (n » 8) 

ITEM V . e"~~Po'sr~~d"Ta! p7e~"p"osi d P7e "~PoEr~~d~~ p7e""'"p'osr~'cr 

Word 



078 


1 6 


23 


7 


1 6 


20 


4 


1 4 


27 


1 3 


32 


4 1 


9 


141 


46 


52 


6 


44 


46 


2 


47 


58 


1 1 


51 


85 


34 


1 92 


45 


49 


4 


37 


44 


7 


48 


51 


3 


77 


67 


- 1 0 


Table 


























1 52 


66 


78 


1 2 


61 


> 1 


1 0 


66 


83 


1 7 


84 


92 


8 


Graph 


























066 


61 


59 


- 2 


4 7 


51 


4 


72 


66 


- 6 


88 


77 


- 1 1 


1 60 


48 


63 


15 


42 


60 


1 8 


55 


67 


I 2 


77 


77 


0 


1 61 


46 


50 


4 


4 1 


43 


2 


54 


65 


1 1 


76 


7 1 


- 5 


Alogrithm 


























017 


60 


71 


11 


53 


63 


10 


61 


79 


.,,18 


68 


69 


1 



[a] d«difference between pretest and posttest 

Note: Unit of analysis«class mean. Only classes whose teachers reported that they taught the 
material releveni to an item during the current year included in this table. 
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TABLE 3 

MEAN PERCENT CORRECT FOR ITEMS PRESENTED IN DIFFERENT SYMBOLIC 

FORMS: 

VOLUME OF RECTANGULAR SOLID 



Total (n a 154) Typical (n » 105) Enriched (n = 42) Algebra (n - 7) 

ITEM PTe 'p'o'sr~~dr'" P7e"~~p"osr"lj P7e'~~p"o'sr~~d"" P7e""p"o"sr~ir 

Word 



039 


38 


57 


1 9 


33 


52 


1 9 


48 


66 


1 8 


57 


77 


20 


1 04 


36 


48 


1 2 


33 


43 


1 0 


43 


56 


1 3 


40 


69 


29 


136 


1 8 


13 


- 5 


20 


1 3 


- 7 


1 5 


1 2 


- 3 


8 


1 7 


9 


1 68 


8 


9 


1 


7 


9 


2 


8 


1 0 


2 


1 4 


1 4 


0 


Diagram 


























072 


26 


37 


1 1 


23 


32 


9 


31 


48 


1 7 


35 


55 


20 



[a] d-difference between pretest and posttest 

Note: Unit of analysis-class mean. Only classes whose teachers reported that they taught the 
material relevent to an item during the current year included in this table. 



0TL.5 
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TABLE 4 

MEAN PERCENT CORRECT FOR ITEMS PRESENTED IN DIFFERENT SYMBOLIC 

FORMS: 

GENERATING EQUATIONS/FORMULAS 





Total (n » 


70) 


Typical (n 


m 28} 


Enriched (n 


» 15) 


Algebra (n « 


27) 


ITEM 


Pre 


Post 




Pre 


Post 




Pre 


Post 


._„_ 


Pre 


Post " 


"T 


Word 


























016 


26 


34 


8 


1 9 


26 


7 


2 1 


32 


1 1 


37 


45 


8 


052 


4 9 


55 


6 


42 


49 


7 


50 


61 


1 1 


64 


64 


0 


1 49 


54 


66 


1 2 


46 


56 


1 0 


47 


65 


1 8 


73 


83 


1 0 


Table 


























019 


35 


44 


9 


26 


36 


1 0 


34 


49 


1 5 


53 


57 


4 


055 


1 9 


37 


1 8 


1 2 


21 


9 


9 


39 


30 


39 


62 


23 



[a] d^difference between pretest and posttest 

Note: Unit of analysis-class mean. Only classes whose teachers reported that they taught the 
material relevent to an item during the current year included in this table. 
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TABLE 5 

MEAN PERCENT CORRECT FOR ITEMS PRESENTED IN DIFFERENT SYMBOLIC 

FORMS: 
STATISTICS 





Total (n « 


154) 


Typical (n 


102) 
____ 


Enriched (n 


.c 44) 


Algebra (n 


« 8) 

._„_ 


ITEM 


Pre 


Post 


d 


Pre 


Post 




Pre 


Post 




Pre 


Post 




wo ro 
067 


79 


74 


- 5 


77 


7 1 


- 6 


81 


79 


- 2 


82 


75 


- 7 


132 


85 


83 


- 2 


86 


83 


- 3 


83 


83 


0 


89 


82 


- 7 


Bar Graph 
099 


39 


45 


6 


38 


42 


4 


39 


51 


1 2 


48 


48 


0 


Numerical 
035 


32 


45 


1 3 


27 


38 


1 1 


4 1 


60 


1 9 


62 


65 


3 



(aj dedifference between pretest and posttest 

Note: Unit of analysis=class mean. Only classes whose teachers reported thai they taught the 
material relevenl to an item during the cjrrent year included in this table. 
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TABLE 6 

MEAN PERCENT CORRECT FOR ITEMS PRESENTED IN DIFFERENT SYMBOLIC 

FORMS: 
COORDINATE SYSTEM/GRAPH 

" Total (n » 85) Typical (n - 43) Enriched (n « 20) Algebra (n = 22) 

ITEM p76""po'sr~'"(r "p7e"~p'ost d"~ pTe'l^sT "d" Pre Post ~d 

Word 

029 1 8 34 1 6 15 24 9 1 5 35 20 26 50 24 

Graph 

028 35 64 29 30 53 23 37 72 35 50 84 34 

Graph+Words 

126 26 50 24 18 35 1 7 22 53 31 50 82 32 

169 35 3 31 30 -1 29 25 Z 21 42 1_Q 

[a] d-difference between pretest and posttest 

Note: Unit of analysis-class mean. Only classes whose teachers reponed that Ihey taught the 
material relevent to an item during the current year Included in this table. 
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TABLE 7 

PERFORMANCE ON ITEMS WITH DIFFERENT SYMBOLIC FORMS OF RESPONSE 

REQUIRED 



Tola! (n « 89) Typical (n « 43) Enriched (n - 25) Algebra (n » 21) 



ITEM Pre 


Post 


d 


Pre 


Post 


d 


Pre 


Post " 


■ d 


Pre 


Post 


d 


INTERPRETING TABLES 






















Table">Formula 
019 35 


44 


9 


26 


36 


1 0 


34 


49 


1 5 


53 


57 


4 


055 1 9 


37 


1 8 


1 2 


2 1 


9 


9 


39 


30 


39 


62 


23 


Table->Number 
142 17 


23 


6 


1 3 


1 7 


4 


22 


27 


5 


21 


38 


1 7 


152 66 


78 


1 2 


61 


7 1 


1 0 


66 


83 


1 7 


84 


92 


8 


Table-->Bar Chart 
032 63 


66 


3 


59 


62 


3 


72 


74 


2 


73 


78 


5 


INTERPRETING BAR CHARTS 






















Bar Chart->Worcls 
034 73 


75 


2 


71 


72 


1 


74 


82 


8 


100 


83 


- 1 7 


Bar Chart-->Number 
099 39 45 


6 


o o 




A 


1 9 


S 1 


1 2 


4 8 


4 8 


0 


130 37 


43 


6 


31 


38 


7 


49 


50 


1 


61 


60 


- 1 


162 4 9 


53 


4 


44 


48 


4 


62 


63 


1 


53 


7 1 


1 8 


Bar Chart + Table- 
098 58 


>Nunnber 
69 1 1 


51 


63 


1 2 


73 


78 


5 


8 1 


95 


1 4 


Dlagram->Formula 
093 1 5 


39 


24 


1 1 


32 


21 


1 4 


4 1 


27 


33 


66 


33 


Dlagram->N umber 
027 20 


32 


1 2 


1 8 


26 


8 


22 


33 


1 1 


24 


53 


29 



(al d«difference between pretest and posttest 

Note: Unit of analysis-class mean. Only classes whose teachers reported that they taught the 
material relevent to an item during the current year included in this table. 
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Table 8 

Factor Loadings for Fractions Teaching Style Items 



Teacher Item Symbolic Numeric 

Flexib.lity Rules 



F019 


Fractions as parts of regions 


.71 


F023 


Fractions as parts of a collection 


.66 


F055 


Fractions as comparisons 


.61 


F060 


The sum of two fractions as the 


.56 




combination of fractional parts of 






a collection 




F065 


The sum of two fractions as a 


.53 




combination of two measurements 




F082 


A decimal as part of a region 


.52 


F094 


A decimal as a comparison 


.52 


F059 


The sum of two fractions as the 


.51 




union of two regions 




F100 


Use concrete materials to illustrate 


.35 




operations with decimals 




F035 


Fractions as decimals 


.34 


F043 


Fractions as ratios 


.32 


F078 


A decimal as another way of writing 


.31 




a fraction 




F086 


A decimal as an extension of 


.30 




place value 




F031 


Fractions as quotients 


.25 


F099 


Relate operations with decimals 


.20 




to operations with whole numbers, 






teaching rules for placing the 






decimal point 




F061 


The sum of two fractions on the 






number line 




F027 


Fractions as the coordinates of 






points on a number line 




F063 


The sum of two fractions as the 






sum of two decimals 




F069 


Using the formula 




F066 


The sum of two fractions as 






joining two segments 





.70 

.64 

.58 

.55 
.44 
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Table 8 (Cont'd) 
Factor Loadings for Fractions Teaching Style Items 



Teacher Item Symbolic Numeric 

Flexibility Rules 



P07A 


A oecimai cis me cooroinate of a 


.43 




point on the number line 




F098 


Relate operations with decimals to 


.38 




operations with fractions 




F090 


A decimal as a series 


.38 


F067 


Using the least common denominator 


.36 




in a horizontal format 




F047 


Fractions as measurements 


.36 


F039 


Fractions as repeated addition of 


.35 




a unit fraction 




F062 


The sum of two fractions as the 


.32 




sum of two quotients 




F051 


Fractions as operators 


.30 


F064 


The sum of ^vo fractions using 


.28 



fractions as repeated addition of 
the unit fraction 

F068 Using the least common denominator -.20 
in a vertical format 



Table 9 

Factor Loadings for Algebra Teaching Style Items 



Teacher 


Item Symbolic 


Algebraic 




Flexibility 


Rules 


A096 


Having the students inspect graphs 


.64 






and find formulae to express the 








reiationsnips porirayea uy ine grapn 






A097 


rroviQing oata Trom wnicn Torrnuiae 


.DO 












A046 


US6 OT pnysicai siiuaiions 






A072 


r^n%iA to rsm An t Vwj iico of ohv/cir*ijl 

L^6V6ioprni7ru uy uot^ ui |jiiyoiucii 


51 






Stiuaiio ns 






A098 


Having students collect data on 


.44 






rAlntoH ri^^hlPQ and fornfiu latA 








the relationship between the variables 






A099 


Having students create new formulae 


.36 






based on known, simpler formulae 






A034 


Using examples of physical situations 


.36 




A058 


Subtraction by rules 




.54 


A042 


Addition by rules 




.46 


A074 


No development-students were given 




.39 




rules 






A075 


Using properties of equality with 




.34 




operations with numbers 






A073 


Development by use of patterns 




-.30 
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Table 10 

Factor Loadings for Teacher Opinion Items: Algebra 



Opinion Item Perceived Student Importance of 

Difficulty Conceptual 
Understanding 

A145 Average students have .78 

difficulty in translating 

verbal and written sentences 

into mathematical sentences 

and vice versa 
A144 Average students have .73 

difficulty in solving word 

problems involving linear 

equations 

A146 Average students have difficulty .76 

with applications involving 

linear equations 
A135 A great deal of practice is .34 

required in order for students 

to acquire competence in 

performing operations with 

directed numbers. 
A139 Most students cannot be expected .34 

to master the use of letters for 

unknowns quickly; they have to 

become accustomed to this usage 

slowly over a long period of 

time 

A138 Most students find it difficult to .25 
appreciate ihe significance of 
studying the structural proper- 
ties (additive inverse, order re- 
lation, distributive law. etc.) of 
the set of integers 
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Table 10 (Cont'd) 
Factor Loadings for Teacher Opinion Items: Algebra 



opinion 


item Perceived Student 


Importance of 




Difficulty 


Conceptual 






Understandinq 


A137 


Average students are usually not 


.58 




satisfied with knowing only the 






rules for performing operations 






with integers; they want to know 






why the rules work 




A141 


In solving equations, it is im- 


.58 




portant that students be able 






to justify each step in their 






solution procedure 




A136 


It is important for students to 


.47 




understand how integers obey 






general laws like the distribu- 






tive law. the associative law. 






etc. 




A1 49 


The notion of equivalent equa- 


.46 




tions is useful in helping 






students understand solutions 




A143 


The notion "solution set" (those 


.42 




values of the unknown which 






make the relation true) aid the 






students' comprehension of 






linear equations 




A1 34 


It is very important to justify 


.38 




the rules for multiplying integers 




A142 


Solving linear equations by trial 


.30 




and error helps students under- 






stand the meaning of a 






solution 




A147 


When solving problems, it is 


.27 




important for students to first 






identify the type of problem (age. 






digit, mixture, etc.) being solved 





Table 11 

Fractions Teaching Styles: Logical Groupings of Teacher Variables 



Teacher 
Questionnaire 

Emphasized 
Item Description 



Used 

Not But Not 

Used Emphasized 



{%) 



(%) 



(%) 



ALTERNATIVE SYMBOLIC REPRESENTATIONS 



F019 
F023 
F027 

F043 
F047 

F051 
F055 
F059 

F060 
F061 

F065 

F066 

F074 

F082 
F086 



Fractions as parts of regions 

Fractions as parts of a collection 

Fractions as the coordinates of 
points on a number line 

Fractions as ratios 

Fractions as measurements: 
this container holds 

Fractions as operators 

Fractions as comarisons 

The sum of two fractions as the 
union of two regions 

The sum of two fractions as the 

The sum of two fractions on the 
number line 



27 
45 

21 
24 

46 
88 
37 

50 
72 

48 



The sum of two fractions as a 
combination of two measurements 5 9 

The sum of two fractions as joining 
two segments 5 2 

A decimal as the coordinate of a point 
on the number line 2 8 

A decimal as a pari of a region 3 6 

A decimal as an extension of place 
value 6 



47 
41 

49 
38 

40 
1 0 
»0 

37 
21 

40 

32 

39 

43 
49 

18 



26 
1 4 

29 
37 

1 3 
2 

23 

1 3 
7 

1 2 



29 
1 6 

77 




Table 12 

Algebra Teaching Styles: Logical Groupings of Teacher Variables 



Teacher 

Questionnaire 

Item 



Description 



Not 
Used 
1%1 



Used 
But Not 

Emphasized Emphasized 



1%1 



(%) 



ALTERNATIVE SYMBOUC REPRESENTATIONS 



A018 

A026 

A034 
A038 
A046 
A050 

A072 

A096 

A097 
A098 

A099 



Extending the number ray to the 
number line 4 

Using vectors or directed segments 

on the number line 5 6 

Using examples of physical situations 5 

Addition by number line 1 0 

Use of physical situations 1 0 

Subtraction as addition of 

opposites on the number line 3 8 

Development by use of physical 
situations 4 2 

Having the students inspect graphs 
and find fomiulas to express the 
relationships portrayed by the graph 6 6 

Providing data from which formulas 
or equations are developed 3 8 

Having students collect data on related 
variables and formulate the 
relationship between the variables 7 5 

Having students create new formulas 
based on known, simpler formulas 5 8 



NUMERiaALGEBRAIC REPRESENTATION? 



A022 
A030 



Presenting integers as solutions 
to equations 

Defining Integers as equivalent 
classes of wtiole numbers 



1 7 



84 



25 

27 
•^3 
50 
52 

36 

46 

20 
40 

1 7 

33 



40 
1 0 



72 

1 7 
62 
40 
38 

27 

1 2 

1 4 
22 

8 
9 



43 
6 



FRIC 



A042 
A054 

A058 
A062 
A066 
A070 

A071 

A073 
A074 

A075 

A079 

A083 
A087 
A091 
A095 



Addition by rul'es 5 

Subtraction of a number as the 

inverse of addition of that number 3 7 

Subtraction by rules 3 

Subtraction as a number of units 5 3 

Subtraction as "What must be added" 5 0 



Development by use of repeated 
addition 

Development by the extension of 
properties of the whole number 
system 

Development by use of paU'ims 

No development - students were 
given rules 

Using properties of equality with 
operations with numbers 

Using properties of inverses with 
numbers 

Using arithmetical reasoning 
Using trial and error 
Using rules 

Presenting formulas and explaining 
the meaning of the terms in the 
fomula 



43 

7 1 
24 

27 

1 2 

27 
47 
80 
25 



APPLICATIONS DURING INSTRUCTION 



A100 
A101 
A102 
A103 
A104 
A105 
A106 



Age problems 
Digit problems 
Mixture problems 
Percent problems 
Distance-Rate-Time problems 
Interest problems 
Area-Volume problems 



28 
50 
56 
20 
1 6 
1 7 
28 



1 4 

24 
8 

35 
37 

42 

1 8 
40 

22 

1 4 

25 
42 
1 9 
29 

1 3 

38 
23 
24 
26 
32 

2 1 
24 



81 

38 
89 
1 2 
1 3 

1 4 

1 0 

36 

51 

74 

48 
1 2 
2 

45 

84 

34 
27 
20 
54 
52 
62 
48 
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A107 Physical-Natural Science problems 7 2 16 12 

A108 Energy or Ecological problems 6 2 30 9 



32 
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Table 13 



Multiple Regression Analysis Predicting Fractions Performance 

From Teaching Style Factors 



Test Item 



Common Fractions 

003 

004 

043 



044 



075 



Unstandardized b 



Description 



Symbolic Flexibility Numeric Rules 



2/5 + 3/8 is equal to 

Which of the following is a 
pair of equivalent fractions? 

Which of the points A.B.C.D.E on this 
number line corresponds to 5/8 

There are 35 students in a class. 
1/5 of them come to school by bus, 
another 2/5 come by bicycle. How 
many come to school by other means? 

In the figure the little squares are all 
the same size and the area of the whole 
rectangle is equal to 1. The area of the 
shaded part is equal to 



2.61 



.41 



-1.09 



-2.93 



,67 



1.75 



.87 



3.64* 



1.56 



.53 
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076 

107 

139 

185 

1 J6 
187 
188 

Decima; Fractions 

005 

006 



Four 1 -liter bowls of ice cream were set 
out a*, a party. After the party, 1 bowl was 
empty, 2 were half full, and 1 was three 
quarters full. How many liters of ice 



cream had been EATEN? --97 

1^/5 '^12 is equal to 1.14 

3/5 + 2/7 is equal to 4.06 

Which is the closest est'ma'e 

for :he answer to 5 ^/7 6 ^/8 -1.98 

1/2 X 1/4 is equal to -1 .02 

3/8 - 1/5 is equal to -.1 1 

The picture shov>. some black and 
some white marbles. Of all these 

marbles what fraction are white? 2.57 



0.40 X 6.38 is equal to --31 

Alexandra walked from Riverview to 
Bridgeport, which are 3.1 kilometers 
apart. During her walk she lest her watch, 
went back 1.7 kilometer to find it, and then 
continued in the original direction until she 
reached bridgeport. ^ow many kilometers 



had Alexandra walked altogether when she 

arrived at Bridgeport? 2.67 1.96 



007 (847.36) is the number in the box, 

the digit 6 represents 

045 The value of 0.2131 x 0.02958 is 

approximately 



.68 1.63 



,96 2.46 



077 The position on the scale indicated by 

the arrow is '-lO 4.45 



J 78 A runner ran 3,000 nrieters in exactly 8 

minutes. What was his average speed in 
meters per second: 



4.2* 5.58 



108 .004 I 24.56 

In the division above, the correct answer is 1.75 - .37 

109 In the discus-throwing competition, the 

winning throw was 61.60 meters. Tho 
second place throw was 59.72 meters. How 
much longer was the winning throw than 

the second place throw? 1.23 -.34 

140 7 3/20 is equal to 2.47 2.41 

141 The speed of sound is 340 meters per second. 

How long will it take before the sound of 

a car horn reaches your ears if the car is 

714 meters away? -67 3.16 
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182 Which of the following is thirth-seven 

thousandths? 4.43* 1.20 

183 74.236 rounded to nearst hundredth is 1.51 -1.65 

184 The large square has area 1 square unit. 

The area of the shaded part is -.75 3.72 

Ratio, Proportion, Percent 

008 In a school of 800 pupils, 300 are boys. The 

ration of the number of boy? to the number 

of girls is "1-22 .83 

009 30 is 75% of what number? 1.38 3.36 

046 20% of 125 is equal to i.61 1.21 

047 If the ration of 2 to 5 equals the ratio 

of n to 100, then n is equal to -2.30 4.31 

079 A painter is to mix green and yellow 

paint in the ratio of 4 to 7 to obtain the 
color he wants. If he has 28 liters of green 
paint, how many liters of yellow paint 

should be added? 1-0 'j -43 

110 In a school election with three candioales, 

Joe received 120 votes. Mary received 50 
votes, and George received 30 votes. What 



percent of the total number of votes did 

Joe recieve? -1.22 1.85 

142 The table shows the values of x and y, 

where x is propojonal to y. What are the 

values of P and Q? -1-00 2.26 

143 If there are 300 calories in 100 grams of 

a certain food, how many calories are there 

in a 30 gram portion of that food? -1.37 1.74 

163 There are five black buttons and one red 

in a jar. If you pull out one button at random, 
what is the probability that you will get 

the red button? -1-01 2.22 

177 Candidate A received 70 percent of the 

votes cast in an election. If 4200 votes 
were cast in the election, how many votes 

did candidate A receive? -1.72 3.74 

178 72% is equal to 4.83* 1.84 
1 79 20 is what percent of 80? 2.46 2.43 

180 $150 is divided in the ratio of 2 to 3. 

The smaller of the two amouts is -.56 3.16 

181 A model boat is built to scale so that 

it is 1./10 as long as the original boat. 
If the width of the original boat is 
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4 meters.the width of the model should be -.48 2.73* 

189 1/5 is equal to ' 2.82* -1.17 

190 Cloth is sold by the square meter. If 6 

square meters of cloth cost $4.80, the cost 

of 16 square meters will be 1.00 2.02 

191 The price of an article was $100. The price 

was first raised by 10% and WdS then 
reduced by 10% of the new price. What is the 

price of the article now? 2.43 4.52* 

192 A car takes 15 minutes to travel 10 

kilometers. What is the speed of the car? -.21 .25 



Note: Each equation has pretest scores and teaching style factors as predictors. 
Unit of analysis - class mean 



*P < .05 
••p <.01 



Table 14 



Multiple Regression Analysis Predicting Fractions Performance 
From Teaching Styles Based on Logical Groupings of Variables 



Unstandardized b 



Test Item Description Symbolic Flexibility Numeric Rules 



Common Fractions 

003 2/5 + 3/8 is equal to 6.23 4.51 

004 Which of the following is a 

pair of equivalent fractions? 9.78 -10.72* 

043 Which of the points A.B.C.D.E on this 

number line corresponds to 5/8 1.66 3.76 

044 There are 35 students in a class. 

1/5 of them come to school by bus, 
another 2/5 come by bicycle. How 

many come to school by other means? -7.15 10.21 

075 In the figure the little squares are all 

the same size and the area of the whole 
rectangle is equal to 1. The area of the 
shaded part is equal to 



2.32 -3.36 



076 Four 1 -liter bowls of ice cream were set 

out at a party. After the party, 1 bowl was 
empty, 2 were half full, and 1 was three 
quarters full. How many liters of ice 

cream had been EATEN? 1 .89 -1.90 

107 12/5 - '1/2 is equal to 2.37 -2.57 



139 



186 
187 



3/5 + 2/7 is equal to 12.00 -2.80 



185 Which is the closest estimate 

for the answer to 5^/7 + 6 ^/8 -8.50 8.56 



1/2 X 1/4 is equal to -02 3.21 

3/8 - 1/5 is equal to -13 2.23 



188 The picture shows some black and 

some white marbles. Of all these 

marbles what fraction are white? 5.36 2.27 




Decimal Fractions 
005 



0.40 X 6.38 is equal to 1-53 -.48 



006 Alexandra walked from Riverview to 

Bridgeport, which are 3.1 kilometers 
apart. During her walk she lost her watch, 
went back 1.7 kilometer to find it, and then 
continued in the original direction until she'"" 4'^ 



reached bridgeport. How many kilometers 
had Alexandra walked altogether when she 
arrived at Bridgeport? 11.62 



-2.04 
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007 (847.36) is the number in the box, 

the digit 6 represents 1.64 2.23 

045 The value of 0.2131 x 0.02958 is 

approximately 9.29* -4.73 

077 The position on the scale indicated by 

the arrow is 2.95 10.85 

078 A runner ran 3,000 meters in exactly 8 

minutes. What was his average speed in 

n iters per second: -2.32 5.21 

1 08 .004 / 24.56 

In the division above, 

the correct answer is 12.26* -13.26* 

109 In the discus-throwing competition, the 

winning throw was 61.60 meters. The 
second place throw was 59.72 meters. How 
much longer was the winning throw than 

the second place throw? 5.06 -2.85 

140 7 3/20 is equal to 10.48* 1.05 

141 The speed of sound is 340 meters per second. 

How long will it take before the sound of 

41 
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a car horn reaches your ears if the car is 

714 meters away? 14.22 -11.06 

182 Which of the followiiig is thirth-seven 

thousandths? 17.54*' -6.80 

183 74.236 rounded to nearst hundredth is 4.49 -6.43 

184 The large square has area 1 square unit. 

The area of the shaded part is 1 8.64* -22.44* 

Ratio, Proportion, Percent 

008 In a school of 800 pupils, 300 are boys. The 

ration of the number of boys to the number 

of girls is 5.65 -1.23 

009 30 is 75% of what number? 9.47 1.65 

046 20% of 125 is equal to 1 1.83** -9.53* 

047 If the ration of 2 to 5 equals the ratio 

of n to 100, then n is equal to 2.92 -1.83 

079 A painter is to mix green and yellow 

paint in the ratio of 4 to 7 to obtain the 
color he wants. If ho has 28 liters of green 
paint, how many liters of yellow paint 

should be added? 4.25 -1.27 

110 In a school election with ^ three candidates. 



1 • • 
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Joe received 120 votes. Mary received 50 
votes, and George received 30 votes. What 
percent of the total number of votes did 

Joe recieve? -3.11 6.30 

142 The table shows the values of x and y, 

where x is propotional to y. What are the 

values of P and Q? -1.24 3.44 

143 If there are 300 calories in 100 grams of 

a certain food, how many calories are there 

in a 30 gram portion of that food? -2.07 2.47 

1 63 There are five black buttons and one red 

in a jar. If you pull out one button at random, 
what is the probability that you will get 

the red button? 2.97 -10.52 

177 Candidate A received 70 percent of the 

votes cast in an election. If 4200 votes 
were cast in the election, how many votes 

did candidate A receive? -2.05 4.72 

178 72% is equal to 14.00* -1.73 

179 20 is what percent of 80? 10.96* -1.19 

180 $150 iS divided in the ratio of 2 to 3. 

The smaller of the two amouts is 1.71 4.31 

181 A model boat is built to scale so that 
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it is 1/10 as long as the original boat. 
If the width of the original boat is 

4 meters.the width of the model should be 1.45 3.13 

189 1/5 is equal to 9.35* -7.40 

190 Cloth is sold by the square meter. If 6 

square meters of cloth cost $4.80, the cost 

of 16 square meters will be 8.97* -1.57 

191 The price of an article was $100. The price 

was first raised by 10% and was ti.en 
reduced by 10% of the new price. What is the 

price of the article now? 13.55** -2.7 

192 A car takes 15 minutes to travel 10 

kilometers. What is the speed of the car? 2.74 -5.06 



Note: Each equation has pretest scores and teaching styie factors as predictors. 
Unit of analysis = class mean 

* P < .05 
** P < .01 
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Table 15 



Intergers 
012 



049 



113 



Multiple Regression Analysis Predicting Algebra Performance 

From Teaching Style Factors 



Unstandardized b 



Test item Description Symbolic Flexibility Numeric Rules 



(-2) X (-3) Is equal to 1-20 -2.00 



013 The air temperature at the foot ot a 

mountain is 31 degrees. On top of the 
mountain the temperature is -7 degrees. 
How much warmer is the air at the foot 

of the mountain? 2.39* .72 



■5 (6-4) is equal to 6.25** -7.93 



082 The set of integers less than 5 is 

represented on one of the number lines. 

Which one? 5.44* -2.41 



(-8) - (-8) is equal to 5.85* -1.46 



Rational Numbers 



014 Which of the following sequences 

of nunfibers is in the order in which 
they occur from left to right on the 
number line? 

Integer Exponents 

084 0.00046 is equal to 

1 72 Find the value of N, 

N » 10^ + lo"" + 10^ + 10"^ 

Formulas 

015 Simplify: 5x + 3y + 2x - 4y 

016 Soda costs a cents for each bottle, 

including the deposit , but there is a 
refund of b cents on each empty bottle. 
How much will Henry have to pay for x 
bottles if he brings back y empties? 

052 The cost of printing greeting, cards 

consists of a fixed charge of 100 cents 
and a charge of 6 cents for each card 
printed. Which of the following equations 
can be used to determine the cost of 
printing n cards? 



085 If y dollars are shared equally among 

four boys, how maiy dollars does each 

boy receive? "1-50 -4.68 

115 If X « 3. the value of -3x is 2.31 -7.83* 

116 If x«y»z«1, then x-z/x+y is equal to 3.55 .90 

148 Which of the following is FALSE when 

a.b.and c are different real numbers? 2.20 .14 

149 A shopkeeper has x kg of tea in stock. 

He sells 15 kg and then receives a new lot 
weighing 2y kg. What weight of tea does 

he now have? 2.06 .18 

195 A number x is multiplied by itself and the 

result is added to four times the original 

number. This can be expressed as 4.35 -2.64 

Polynomials 

053 When x « 2, 7x+4/5x-4 is equal to 3.08 -2.31 

088 a/15 - b/5 is equal to -4.43 -3.96 

Equations and Inequalities 

017 If P =: LW and if P = 12 and L = 3, then 

W is equal to 1.11 1-22 



ERIC 



47 



018 If 6x - 3 » 15. then, 

6x - 15 - 3 (i) 
6x - 12 (ii) 
X - 12/6 (iii) 
X - 2 (iv) 

the error in the above reasoning, if one 

exists. FIRST APPEARS in line 4.58 -3.98 

054 Which equation is true for all values of n? 2.83 -6.28** 

086 if 4X/12 - 0, then X is equal to 1.58 -4.77*** 

087 The Davis family took a car trip from Anabru 

through Bergen to Chase. They then drove back 
to Bergen through Earlville, and then returned 
to their home in Anabru. If the total distance 
they drove was 115 dilometers, how far is it 

from Anabru to Bergen? 1 .52 .65 

117 "Six times a certain number (call it q) equals 

the sum of eight and twice the number." This 

can be written as 1.91 -5.11 

118 x/2 < 7 is equivalent to 2.81 -4.75 

151 If 5x + 4 = 4x - 31. then x is equal to -.34 -1 .73 

196 The sentence " a number x decreased by 

6 is less than 12" can be written as the 

inequality ^ ^ j . -42 -2.36 
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Relations and Functions 
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019 The table compares the height from which 

a ball is dropped (d) and the height to which 

it bounces (b) 1-16 -3.99* 

055 For the table, a formula that could relate 

mandnis 2.59 -4.77 

152 A bowling bail travels 4 meters per second. 

The distance in meters traveled in t seconds 

given by d - 4t. In the table, x is equal to 5.86*** 2.13 

Finite Sets 

120 The symbol P Q represents the intersection 

of sets P and Q and the symbol P Q represents 
the union of sets p and Q. Which of the 
following represents the shaded portion of 

the diagram below? 90 -9.15* 



Note: Each equation has pretest scores and teaching style factors as predictors. 
Unit of analysis « class mean, Test scores = precent correct 



1- P < .06 
• P < .05 

" P < .01 

P < .001 
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Table 16 



Multiple Regression Analysis Predicting Algebra Performance 
From Teaching Styles Based on Logical Groupings of Variables 



Test item Description 



IJnstandardized b 



Symbolic Algebraic Applications 
Flexibility Rules 



Intergers 

012 

013 



(-2) X (-3) is equal to 

The air temperature at the foot ot a 
mountain is 31 degrees. On top of the 
mountain the temperature is -7 degrees. 
How much warmer is the air at the foot 
of the mountain? 



•5.83 



3.96 



8.92 



.19 



7.28 



3.96 



049 

082 



-5 (6-4) is equal to 

The set of integers less than 5 is 
represented on one of the number lines. 
Which one? 



4.67 



.91 



3.92 



7.51 



9.27 



6.55 
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(-6) - (-8) is equal to 



■3.40 



19.18* 13.16 



50 



Rational Numbers 



014 Which of the following sequences 
of numbers is in the order in which 
they occur from left to right on the 
number line? 

Integer Exponents 

084 0.00046 is equal to 

1 72 Find the value of N, 

N = 10^ + 10^ + 10° + 10"^ 

Formulas 

015 Simplify: 5x + 3y + 2x - 4y 

016 Soda costs a cents for each bottle, 
including the deposit , but there is a 
refund of b cents on each empty bottle. 
How much will Henry have to pay for x 
bottles if he brings back y empties? 

052 The cost of printing greeting cards 

consists of a fixed charge of 100 cents 
and a charge of 6 cents for each card 
printed. Which of the following equations 
can L)e used to determine the cost of- - 



.45 -1 1.26 13. 84** 

-2.45 -4.41 7.94 

-3.43 7.84 -.72 

-9.36 1.63 16.60* 



-9.92 



-2.11 



8.24 



printing n cards? 



085 !f y dollars are shared equally among 

four boys, how many dollars does each 
boy receive? 

115 If X = 3, the value of -3x is 

116 If x=y=z=1, then x-z/x+y is equal to 

148 Which of the following is FALSE when 
a.b.and c are different real numbers? 

149 A shopkeeper has x kg of tea in stock. 

He sells 15 kg and then receives a new lot 
weighing 2y kg. What weight of tea does 
he now have? 

195 A number x is multiplied by itself and the 

result is added to four times the original 
number. This can be expressed as 

Polynomials 

053 When x = 2. 7x+4/5x-4 is equal to 

088 a/15 - b/5 is equal to 

Equations and Inequalities 

017 If P = LW and if P = 12 and L = 3. then 



.74 



13.44 



5.44 



-.26 
-7.93 
-5.34 

-7.77 

3.77 

3.57 

5.65 
-22.40* 



22.57** 

14.32 

14.71 

11.28 

-1.63 
7.91 

7.25 
'14.73 



1.61 
13.96** 
13.88** 

12.21 

7.51 
6.24 

2.84 
17.28+ 



W is equal to 



2.97 



5.63* 



018 If 6x - 3 « 15, then, 

6x « 15 - 3 (i) 
6x = 12 (ii) 
X = 12/6 (iii) 
X = 2 (iv) 

the error in the above reasoning, if one 
exists, FIRST APPEARS In line 

054 Which equation is true for all value- of n? 

086 If 4x/12 « 0, then x is equal to 

087 The Davis family took a car trip from Anabru 
through Bergen to Chase. They then drove back 
to Bergen through Earlville, and then returned 
to their home in Anabru. If the total distance 
they drove wa" 115 dilometers. how far is it 
from Anabru to Bergen? 

1 1 7 "Six times a certain number (call it q) equals 

the sum of eight and twice the number." This 
can be written as 

118 x/2 < 7 is equivalent to 

151 If 5x + 4 = 4x - 31, then x is equal to 

196 The sentence " a number x decreased by 

6 is less than 12" can be written as th6 



-1.29 


6.33 


14.85* 


-1.62 


8.52 


3.01 


-2.68 


-D.4D 


1 u . *t 0 


2.70 


-2.31 


2.37 


-7.09 


11.37 


10.59* 


2.29 


-8.33 


7.19 


-7.30 


.75 


6.78 



f 
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inequality -6.69 7.08 8.1 8' 

Relations and Functions 

019 The table compares the height from which 

a ball is dropped (d) and the height to which 

it bounces (b) 9.54* -7.52 -2.22 

055 For the table, a formula that could relate 

mandnis -9.44 5.31 20.87* 

152 A bowling ball travels 4 meters per second. 

The distance in meters traveled in t seconds 

given by d - 4t. In the table, x is equal to 4.78 6.92 12.03' 

Finite Sets 

120 The symbol P Q represents the intersection 

of sets P and 0 and the symbol P Q represents 
the union of sets p and Q. Which of the 
following represents the shaded portion of 

the diagram below? 4.48 -21.98 6.22 



Note: Each equation has pretest scores and teaching style factors as predictors. 
Unit of analysis = class mean, Test scoies = precent correct 

+ P < .06 
* P < .05 
** P < .01 
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Table 17 



Multiple Regression Analysis Predicting Fractions Performance 

From Teaching Opinion Factors 



Test Item 



UnRtandardized b 



Description 



Perceived 

Student 

Difficulty 



Importance of 

Conceptual 

Understanding 



Intergers 

012 

013 



049 
082 



113 



(-2) X (-3) is equal to 

The air temperature at the foot ot a 
mountain is 31 degrees. On top of the 
mountain the temperature is -7 degrees. 
How much warmer is the air at the foot 
of the mountain? 

-5 (6-4) is equal to 

The set of integers less than 5 is 
represented on one of the number lines. 
Which one? 

(-6) - (-8) is equal to 



1.09 



-.27 
3.72 



3.79 
-.41 



5.33 



-.35 
1.40 



1.88 
4.32 
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Rational Numbers 



014 Which of the following sequences 

of numbers is in the order in which 
they occur from left to right on the 
number line? 

Integer Exponents 

084 0.00046 is equal to 

172 Find the value of N. 

N " 10^ + lO"* + 10° + 10"^ 

Formulas 

015 Simplify: 5x + 3y + 2x - 4y 

016 Soda costs a cents for each bottle, 

including the deposit , but there is a 
refund of b cents on each empty bottle. 
How much will Henry have to pay for x 
bottles if he brings back y empties? 

052 The cost of printing greeting cards 

consists of a fixed charge of 100 cents 
and a charge of 6 cents for each card 
printed. Which of the following equations 
can be used to determine the cost of 
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printing n cards? -3.60 2.59 

085 If y dollars are shared equally. ^mong 

four 'boys, how many dollars does each 

boy receive? -2.72 4.17 

116 If X - 3. the value of -3x is 1.06 2.59 

116 If x«y«z«1. then x-z/x+y is equal to -2.98 4.61 

148 Which of the following is FALSE when 

a/;,and c are different real numbers? -2.35 1.60 

149 A shopkeeper has x kg of tea in stock. 

He sells 15 kg and then receives a new lot 
weighing 2y kg. What weight of tea does 

he now have? --67 .79 

195 A number x is multiplied by itself and the 

result is added to four times the original 

number. This can be expressed as -1 .78 3.77 

Polynomials 

053 When x = 2. 7x+4/5x-4 is eq ^1 to .60 3.63 

088 a/15 - b/5 is equal to -5.71 7.97 
Equations and Inequalities 

017 If P = LW and if P = 12 and L = 3. then 
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W is equal to -1.30 2.58+ 

018 If 6x - 3 « 15, then. 

6x « 15 - 3 (1) 
6X-12 (ii) 
X « 12/6 (ill) 
X » 2 (iv) 

the error in the above reasoning, if one 

exists. FIRST APPEARS in line -5.05* 2.90 

054 Which equation is true for all values of n? -4.68* 1.83 

086 If 4X/12 = 0, then x is equal to -3.22* 2.51 

087 The Davis family took a car trip from Anabru 

through Bergen to Chase. They then drove back 
to Bergen through Earlville, and then returned 
to their home in Anabru. If the total distance 
they drove was 115 uilometers, hov\/ far is it 

from Anabru to Bergen? .96 .07 

117 "Six times a certain number (call it q) equals 

the sum of eight and twice the number." This 

can be written as -3.64 1.68 

118 x/2 < 7 is equivalent to -3.27 1.82 



151 



If 5x + 4 = 4x - 31. tiien x is equal to -2.20 4.87* 



1 96 The sentence " a number x decreased by 

6 is less than 12" can be written as the 



ERIC 



inequality -3. 54* 3.85* 

Relations and Functions 

019 The table compares the height from which 

a ball is dropped (d) and the height to which 
it bounces (b) -5.44-- 2.40 

055 For the table, a formula that could relate 

m and n is -8.22** 3.76 

152 A bowling ball travels 4 meters per second. 

The distance in meters traveled in t seconds 

given by d - 4t. In the table, x is equal to -2.59 2.78 

Finite Sets 

■j20 The symbol P Q represents the intersection 

of sets P and Q and the symbol P Q represents 

the 'union of sets p and Q. Which of the 

following represents the shaded portion of 

the diagram below? 3.59 5.03 



Note: Each equation has pretest scores and teaching style factors as predictors. 
Unit of analysis = class mean. Test scores « precent correct 



+ P < .06 
• P < .05 
•* P < .01 
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Table 18 

Description of Teaching Methods: Proportional Reasoning 



Teaching Msthod and Teacher Questionnaire Items 



Not 

Used 
(%) 



Used 
But Not 
Emphas. 
{%) 



Emphas. 
(%) 



NUMERIC METHODS 
(Abstract) 



R020 


Ratio as a fraction 


2 


24 


73 


R021 


Ratio as the quof-ent of two whole 


1 O 


O o 


D O 




numbers 








R032 


Proportions as equivalent fractions 


A 


O 1 




R036 


Proportions as equivalent quotients 


A A 






R040 


Using multiplication or division to equate 


1 A 


A 7 


o o 




numerators and denominators 








R041 


Finding the cross products and then solving 


o 


\ \ 


O f 




the resulting equation 








R042 


Dividing the terms of one ratio and then 


60 


22 


1 8 




solving the resulting equation 








NUMERICAL METHODS 








(Real ContexH 








R018 


Ratic as a rate 


1 o 


D O 


O O 


R019 


Ratio as a comparison 


2 


36 


62 


R024 


Proportions as equivalent ratios 


7 


33 


60 


R028 


Proportions as equivalent comparisons 


1 6 


47 


38 


R044 


Use proportional reasoning without an 


24 


63 


1 3 




equation 








R045 


Use a proportional equation 


4 


1 3 


82 


R046 


Use the unit method without an equation 


38 


60 


2 


OPEN-ENDED PROBLEMS 








(Real Context) 








R050 


Calculating the size of a population from a 




33 


22 




sample estimate 








R051 


Problems involving buying decisions based 


4 


36 


60 




on cost rates 








R052 


Mixture oi recipe problems 


1 8 


55 


27 


R053 


Real world problems usinq simila 


1 6 


33 


61 




triangles 








CONSTRUCTION MEASUREMENT 








(Similar 


T; "angles) 








G122 


Graph paper or tracing paper 


45 


24 


31 


G123 


ft/ieasurement 


1 0 


40 


5 
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Table 18 (Cont'd) 
Description of Teaching Methods: Proportional Reasoning 



Used 

Teaching Method and Teacher Questionnaire Items Not But Not 

Used Emphas. Emphas. 
( % ) ( % ) ( % ) 

G124 Constructions with ruler and compass 4 0 2 6 3 3 

G125 Geoboard 8? 14 4 

G126 Environment -J a 51 14 

G127 Dilations (stretching and shrinking) rV 14 2 9 



61 



Table 19 

Description of Teaching Methods: Distance-Rate-Time 



Teaching Method and Teacher Questionnaire Items 



Not 

Used 

{%) 



Used 
But Not 

Emphas. Emphas. 



(%) 



(%) 



SOLVING EQUATIONS 
(Algebraic) 

A075 Using properties of equality with 

operations with numbers 
A079 Using properties of inverses with 

numbers 

A083 Using arithmetical reasoning 
A087 Using Trial and error 
A091 Using rules 

OPEN-ENDED ALGEBRA PROBLEMS 
(Real Context) 

A072 Development by use of physical situations 
A 104 Distance-Rate-Time problems 

GRAPHS. TABLES 
(No Real Context) 

AO 96 Having the students inspect graphs and 
find formulas to express the 
relationships portrayed by the graph. 

A097 Providing data from which formulas or 
equations are developed 



12 

39 

37 
76 
33 



28 
2 



50 
24 



1 9 

20 

56 
21 
1 7 



49 
12 



29 



40 



69 

41 

7 
2 
50 



23 
86 



21 
36 



62 



Table 20 

Description of Teaching Methods: Volume 



Teaching Method and Teacher Questionnaire Items 



Not 

Used 

(%) 



Used 
But Not 
Emphas. 
(%) 



Emphas. 
(%) 



MANIPULABLE MEASURING AIDS 



M031 RuIgts fmfitfir^tick vardstick 




o o 


U 


12 Inch ruler, etc.) 








M032 Measuring tape 


9 


49 


42 


M033 Trundle wheel 




1 O 


Q O 


M034 Aids r6Dr6S6ntina non*standard unit^ 


1 1 
1 1 




o o 


of measurement 








M035 Geoboards araoh naoer or arids 


2 4 




O 1 


M036 Aids representing standard units for 


1 1 


46 


44 


area (centimeter squares, centimeter 








rijhp<; or rodQ Air* \ 








COrfTAINERS 








M037 Graduated cvlinders 




O \ 


O *♦ 


M038 C'^ntainerfi niter aallon etc \ 


q 






M039 Finable models of geometric solids 


9 


3 8 


5 3 


OPeN-ENDED PROBLEMS 








(f^anipuiable) 








M042 1 have my students estimate the size 


1 8 


64 


1 8 


of real world objects 








M043 1 have my students iderjtify objects 


3 1 


46 


24 


whose measure • lent is as dose as 








possible to a given number of units 








FORMULA 








M^ 06 1 presented the formula V«/x wx h 


0 


1 8 


82 


or Vtt (area of base) x (height) and 








demonstrated how to apply it by 








means of examples. 








FINDING VOLUME USING UNIT CUBES 








M 1 07 i presented a physical model of a 


26 


4 U 


29 


right prism (box) with its faces 








marked off in square units, as 








illustrated below... 








M 1 08 1 provided my students with units 


90 


1 1 


0 



cubes and asked them to build 
rectangular prisms of specified 
dimensions... 
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T"able 21 

Description of Teaching Methods: Generating Formulas of Equations 



Teaching Method and Teacher Questionnaire Items 



Not 

Used 

(%) 



Used 
But Not 
Emphas. 
(%) 



Emphas. 



DATA IN TABLE. GRAPHS 
(No Context) 

A096 Having the students inspect 

graphs and find formulae to 
express the relationships 
portrayed by the graph. 

A097 Providing data from which 
for nulae or equations are 
developed. 

COMBINING VARIABLES 

AO 9 8 Having students collect data on 

related variables and formulate 

the relationship between the 

variables 
AO 9 9 Having students create new 

formulae based on known, simpler 

formulae. 



4 1 



34 



47 



25 



44 



72 



53 



1 9 



38 



64 



Table 22. Teacher Clusters Based on Teaching Methods for 
Proportional Reasoning 



Cluster 1 


Cluster 


2 


Cluster 


3 


(n=36) 


(n=5) 




(n=3) 




Teaching Test 


Teaching 


Test 


Teaching 


Test 


Ttpm Item 


Item 


Item 


Item 


Item 


VP3 079 


VPl 


047 


VP2 


152 


G126 142 


VP4 


143 


VP7 


197 


G127 156 


VPS 


190 


G125 




F008 


VP6 


026 


F104 




R050 


G015 




R04 0 




R053 


G157 










R028 










R042 










R043 










R044 










R046 










R051 










R052 










R066 








Note: This table lists teaching and test 


items on which 


a cluster 


had the highest 


mean among 


all clusters. 
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Table 22a Teaching Variables for Proportional Reasoning Problems 



Variable Numbers Variable Contents 



VPl 

G122 Graph paper or tracing paper 

G123 Measurement acitivities were used to study properties 

of similar triangles, e.g., proportionality of sides 
G124 Constructions with ruler and compass 

VP2 

R020 Ratio as a fraction 

R021 Ratio as the quotient of two whole numbers 

R032 Proportions as equivalent fractions 

R036 Proportions as equivalent quotients 

VP3 

R041 Finding the cross products and then solving the 

resulting equation 
R04 5 Use a proportional equation 

R068 The proportion method of solving percent problem 

R072 The proportion method of solving percent problem 

R076 The proportion method of solving percent problem 

VP4 

R047 Scale models (airplanes, automobiles) 

R048 Finding distances from map 

R049 Scale drawings 

VPS 

R018 Ratio as a rate 

R019 Ratio as a comparison 

R024 Proportions as equivalent ratios 

VP6 

R008 The concept of proportion 

R009 Solving proportional equations 

VP? 

R081 Activities related to developing the concept of 

ratio 

R082 Activities related to developing the concept of 

proportion 

R08 3 Activities related to solving proportional equations 

R08 4 Application/problem solving activities related to 

ratio and proportions (textbook word problems, 
problems related to real world situations, 
recreational problems, challenging problems, etc.) 
F008 Finding equivalent fractions - including reducing 

fractions 

F104 Activities related to finding equvalent fractions - 

including reducing fractions 



(to be continued) 



(continue) 



G015 Similarity of geometric figures (including similar 

triangles) 

G125 Geoboard for teaching similar triangles 

G126 Environment for teaching similar triangles 

G127 Dilations for teaching similar triangles 

G157 Activities related to similarity of geometric figures 

(including similar triangles) 
R028 Proportion as equivalent comparisons 

R04 0 Using multiplication or division to equate numerators 

and denominators 

R042 Dividing the terms of one ratio and then solving the 

resulting equation 
R043 Techniques for solving proportions (nuiuerically or 

symbolically) 

R044 Use proportional reasoning without an equation 

R04 6 Use the unit: method without an equation 

R050 Calculating the size of a population form a sample 

estimate 

R051 Problem involving buying decisions based on cast rate 

R052 Mixture or recipe problems 

R053 Real world problems using similar triangles 

R066 Application or problems from real world sources, such 

as newspapers or individuals involved in the use of 

mathematics 
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Table 23- Teacher Clusters Based on Teaching Methods for 
Distance-Rate-Time 



Cluster 


1 


Cluster 


2 


Cluster 


3 


(n=36) 




(n=3) 




(n=4) 




Teaching 


Test 


Teaching 


Test 


Teaching 


Test 


Item 


Item 


Item 


Item 


Item 


Item 


VDl 


066 


A106 


078 


VD2 


141 


A104 


017 


A072 


152 


VD3 


192 


A084 




A104 


160 


A096 


161 










A097 





Note: This table lists teaching and test items on which a 
cluster had the highest mean among all clusters. 



68 
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Table 23a 



Teaching variables for D-R-T Problems 



Variable Number Variable Content 



VDl 




A127 


Activities related to evaluation formulae (for given 




values of the variables) 


A129 


Application/problem solving activities related to us.> 




of formulea (textbood word problems, problems related 




to real world situations, recreational problews, 




challenging problems, etc.) 


A130 


Activities related to solving literal equatiorns 


A131 


Activities related to solving linear equations 


A132 


Application/problem solving activities related to u^'-i 




of equations (textbook word problems, problems r<:ilaiLe 




to real world situations, recreational problems, 




challenging problems, etc.) 


VD2 




A083 


Using arithmetical reasoning (in solving equdtions) : 




Given 7x 5 = 40 what number increased by 5 is 4 0? 


A091 


Using rules (in soving equations) : 




collect all constant terms on one side of the equatio 




and all variable tenas on the other, etc- 


VD3 




A017 


Solving linear equations: 4x - 3 - 19 


A075 


Using properties of equality with operations with 




nujobers 


A014 


Evaluating formulae for given values of the variables 


A072 


Development by use of physical situations 


A084 


Using arithmetical reasoning 


A095 


Presenting formulae and explainina the meaning of the 




terms in the formula 


A096 


Having the student inspect graphs and find formulae 




to express the relationships portrayed by the graph 


A097 


Providing data from which formulae or equations are 




developed 


A104 


Distance-Rate-Time problems 


A106 


Area-Volume problem 


R024 


Proportions as equivalent ratios 



Table 24. Teacher Clusters Based on Teaching Methods for 
Volume 



Cluster 


1 


Cluster 


2 


Cluster 


3 


Cluster 


4 


(n=17) 




(n=27) 




(n«5) 




(n=6) 




Teaching 


Test 


Teaching 


Test 


Teaching 


Test 


Teaching 


Test 


Item 


Item 


Item 


Item 


Item 


Item 


Item 


Item 


Wl 


136 


M039 


136* 


W2 


072 


M031 


039 


A106 




M106 




W3 




M113 


104 


Ml 07 








M027 






168 



M033 
M035 
M137 



* Ranked second among clusters but value is close to the first. 

Note: This table lists teaching and test items on which a cluster had 
the highest mean among al] clusters. 
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Table 24a 



Teaching Variables for Volume Problems 



Variable Numbers 



Variable Contents 



Wl 



M042 
M043 



W2 



V\'3 



M037 
M038 

\ 

M032 
M034 

M036 



A106 
M031 
M033 
M035 

M039 

M106 
M107 

M108 

M113 

M137 



I have my students estimate the size of real world 
objects 

I have my students identify objects whose measurement 
is as close as possible to a given number of units 

Graduated cylinders as aids for teaching measurement 
Containers as aids for teaching measurement 

Measuring tape as aids for teaching measurement 
Aids represent non-standard units of measurement 
(papre clips, hand spans, foot lengths, etc.) 
Aids represent standard units for measurement (cm 
squares, cm cubes, or cm rods, etc.) 
Area-Volume problem 

Rulers as aids for teaching measurement 
Trundle wheel as aid for teaching measureirent 
Geoboards, graph paper, or grids as aids for teaching 
measurement 

Finable models of geometric solids as aids for 
teaching measurement 

Teaching volume of box by formula V «= L x w x H 
Teaching volume of box by figure with its faces 
marked off in square units 

Teaching volume of box by providing unit cubes and 

ask students to build rectangular prisms 

I used centimeter cubes and decimeter cubes to 

establish relationships among units 

Activities related to finding the volumes of solids 

(rectangular solids) 
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Table 25. Teacher Clusters Basesd on Teaching Methods; For 
Equations and Formulas 



Cluster 
(n=16) 


1 


Cluster 
(n=12) 


2 


Cluster 
(n=4) 


3 


Teaching 
Item 


Test 
Item 


Teaching 
Item 


Test 
Item 


Teaching 
Item 


Test 
Item 



A015* 016 A015 052 VEl 

A128 149 A097 

055 



* Ranked second among clusters but value is close to the first. 

Note: This table lists teaching and test items on whi.^h a 
cluster had the highest mean among all clusters. 



72 



Table 25a 



Teaching Variables for Equation and Formula Problems 



Variable Numbers 



Variable Contents 



VEl 



A096 
A098 
A099 



A015 
A097 

A128 



Having the students inspect graphs and find formulae 
to express the relationships protrayed by the graph 
Having the students collect data on related variables 
and formulate the ralationship between the variables 
Having students create new formulae based on known, 
simpler formulae 
Deriving formulae or equations 

Providing data from which formulae or equations are 
developed 

Activities related to deriving formulae or equations 
(where data is derived from experiments or given to 
students) 
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Table 26 



Partial Correlations between Teaching Methods and Achievement: 

Proportional Reasoning 



Numerical 


Numerical 


Open 


Constructioi 


Methods 


Methods 


ended 


Measuremen 


Test (Abstract) 


(Real 


problems 


(Similar 


Ite m 


Context) 


(Real 


Triangles) 






Context) 




Word Problems 








047 -.09 


.12 


.12 


-.01 


079 .25+ 


-.12 


.16 


-.19 


143 -.04 


.06 


.10 


.13 


190 -.08 


-.08 


.04 


.25+ 


026 -.13 


.06 


.31* 


-.10 


Table Prouiems 








142 -.27* 


.09 


.45** 


.32* 


152 .09 


.28* 


.15 


.11 


Diagram Problems 








156 -.28' 


.00 


.01 


.03 


197 -.09 


-.11 


-.13 


.11 



Note: Partial correlations control for pretest achievement. 
Unit of analysis « class mean. 

+ p<.06 
* p<.05 
**p<.01 

0TL«:5 
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Table 27 



Partial Correlations between Teaching Methods and Achievement: 

Distance-Rate-Time 



Solving 
Equations 
Test (Algebraic) 
Item 


Open 
ended Algebra 

problems 
(Real Context) 


Graphs 
Tables 
(No real 
Context) 


Word Problems 
078 .02 

192 -.26+ 


.10 
- 1 2 
.15 


.22 
-.1 8 
.26+ 


Table Problem 

152 .15 


.30* 


.08 


Graph Problems 
066 .14 

160 .16 

161 .25+ 


.26+ 
-.07 
.30* 


-.15 
-.23 
-.15 


Algebraic Problems 
017 .03 


.20 


-.29* 



Note: Partial correlations control for pre;QSt achievement 
Unit of analysis = class mean. 

+ p<.06 
* p<.05 

GTU5 



ERIC 
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Table 28 

Partial Correlations between Teaching Methods and Achievement: 

Volume 





Manipulabie 




Open- 




Finding 




Measuring 




ended 




Volume 


Test 


Aids 




problems 




Using Unit 


Item 




Containers 


(Manipulabie) 


Formula 


Cubes 


Word Problems 










039 


-.09 


-.22+ 


.09 


-.01 


.25* 


104 


-.28' 


-.12 


.13 


-.05 


.25* 


136 


-.1 1 


-.05 


.01 


.19 


-.21 + 


168 


.05 


-.06 


.16 


.01 


.02 


Diagram 












072 


-.20 


.16 


-.03 


.11 


-.03 



Note: Partial correlations control for pretest achievement 
Unit of analysis « class mean. 

+ p<.06 
• p<.05 

0TL = 5 
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Table 29 



Partial Correlations between Teaching Methods and Achievement: 

Generating Formulas or Equations 



Data in Combining Variables 

Tables. Graphs (Real Context) 



Test Items 


(No Context) 


Formulas 


Word Problem 






016 


-.16 


-.24 


052 


.41* 


.3r 


149 


.11 


.27 


Table Problems 






019 


.04 


.16 


055 


-.21 


-.04 



Note: Partial correlations control for pretest achievement 
Unit of analysis - class mean. 

• p<.05 

OTL = 5 
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FIGURE 1. PROPORTIONAL REASONING: WORD PROBLEMS 



IDsOII7 RoUUd Fora 



tl>«l43 RoUUd foni 



If the ratio of 2 to 5 

equidf the ratio of 

n to 100* then n it equal 

to 

A 10 



B 20 

C uo 

D 150 

e 250 



If there are 300 calories In 
100 «ra»« of a certain food, 
hov many calorlei are there 
In a 30 fraa portion of that 
foodt 



A 90 



B 100 

C 900 

D 1000 

I 9000 



XOs079 Cor# Tom 

,SSSCSSSBt«BS8BBSSSSB SB IBS I 



IDBt90 

Btfsssssss: 



Core for« 

:SSX3SSSS8SeSBSSB8 8tSSS£S3£8SSSSBSBS 



A painter If to nix sreen 
and yellov paint In the 
ratio of U to 7 to obtain 
the color he vanti. If he 
hat 28 lltert of green painty 
hov nany llten of yellow 
paint should be added? 

A 11 



B l6 

C 26 

D ^•9 

B 196 



Cloth l» iold by the square 
weter. If 6 square meter* 
of cloth cost l*<<60« the 
cost of l6 square meters 
vill be 



A $12.30 



3 llt.UO 

C $26.60 

D $52.60 

t 1126.00 



IDb026 HotAte^ forsi 

BSSBBB B BBS BBBCB BBBBB BBBBBBB BBBBBB BBBBBB BSBS BSBBBBB 



On level ground* a boy 
5 units tall casts a 
shadow 3 units long. At 
the same tloie a nearby 
telephone pole ^5 units 
high casts a shadow the 
length of which. In the 
saAe units, is 

A 2U 



B 27 



C 30 



ERIC 



D 60 



'''^ REST COPY AV£H ABI E 



FIGURE 2. PROPORTIONAL REASONING: TABLE PROBLEMS 



«n HoUt^d form txsssxssssss««« 



sssss: 



z 


3 


6 


P 


V 


7 


Q 


35 



The t»ble above •hov« the 
values of X and where x 
It proportional to y- 
%re the vmluea of P and Q 7 

p ■ lU and Q • 31 

B p • 10 and Q • 1»» 

C p . 10 and Q • 31 

X) p ■ lU «jjd Q • 15 

t p - 15 and Q • 1** 



IDr152 



Rotated Port Fora C Itea 26 

:tststtstts5tssss2S2ssssss«sjssssxssststr««sa 



A towling ball travela 
1* aetera per aecond. The 
distance in aetera traveled 
in c aeconda la ^iyen by 
d ■ *»C. In the table below. 
X la equal to 



t 


d 


0 


0 


1 


u 


2 


e 


3 




l 


16 
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A 6 

B 10 

C 12 

D !<• 



' .4 



7;* ■ 

BEST l^lkMiUL 



FIGURE 3. PROPORTIONAL REASONING: pi f\(rRPiH f^oSLEM^ 



10:156 



Cort For* for* Cor« I to »0 

{c::::s:;«sss«ss«sssssssssxssstsssxs<sssiB]issa]i>s>iinxsiz 




Tribes PQn 4iid STU are atnllar. Hov ion« !• SU 7 
A 5 
B *10 
C 12.5 
D 15 
£ 25 



IDr19? 
sxs 



Rotated Pora 



Fori B Itei 3? 




The pic iure nbove thows how Pedro used ft thort tree 

to find the hclftht of the tall tree. Whut iJiivcr should 

Pedro get? 



ERLC 



A 


10 


neters 


B 


12 


meters 


C 


lU 


meters 


D 


IT 

i 


•^tcrs 


E 


20 


•eters 
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FIGURE 5. DISTANCE - RATE - TIME 
WORD PROBLEMS 



lOsOTS AoUUd Fori 



A runner ran 3,000 meters in 
exactly fl nlnutea. What vas 
his average speed In meters 
per second? 

A 3«75 

B 6.25 

C 16.0 

D 37.5 

t 62.5 



jOrUI PoUtt<l Ton 

The speed of sound la 3^0 meters 
per second. How long vlU it 
taXe before the sound of a car 
horn reaches your ears If the 
car is TaU »ctera away? 



A 0.2X seconds 

B 2.x seconds 

C 21 seconds 

D 210 aeconda 

£ Vone these 



TABLE PROBLEM 



ID»152 Routed font 

A tovllns ball travels 
li oeters per second The 
distance In veter^ traveled 
in t seconds is given by 
<i ■ ^t. In the table below, 
X is equal to 



t 


d 


0 


0 


1 


u 


? 


6 


3 


X 




16 



lDc192 



Rotated Form 



A 6 

B 10 

C 12 

D lU 

r. ^out of these 



tsttttsst9zttmtzssrt72swtiatttrs«tttzstitscs:xssxsstctt 



ERIC 



A car tsAes 15 siinutes to 
trnvel 10 Kilometers, What 
is the speed of '.he car? 

A 30 Kilometers per hour 

B Uo Kilometers per hour 

C 6o Kilometers per hour 

D 90 Kilometers per hour 

t 150 KHoneters oer hour 
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FIGURE 6. DISTANCE - RATE - TIME 
GRAPH PROBLEMS 



D=066 lloUttd focm 1D«160 ftoUted Fori Form C Item 10 




& 2 3 «• 
Tine (hours) 

The sr*ph thovi the diatance 
traveled by « trawtor during 
ft period of ^ houra. How 
fMt it tb« tractor moving? 



A 


1 


kilometer per hour 


B 


2 


kiloaeteri 


per hour 


C 


k 


kilometer! 


per hour 


0 


6 


kilometers 


p«r hoar 


c 


There is not 


enough 



information 



ALGORITHM 



1D3161 

SSSBSSXSS 



K uo 

c 

! 0 

tl 

« I 

u 



n 



1 2 3 

Time in Hours 



Three hours after stsrting. 
csr A Is how many kiloaettrs 

SitSSd of CAT B t 



llotat«d Fori 




A 2 

B 10 

C 15 

D 20 

E 25 



Form B U«a 19 

:XZSSSZS3SSSSS«SSSSS 



I 7 3 

Time in Hours 



A 1 hour 15 ninutes 

B 1 hour 30 minutes 

C 2 hours 

D 2 hours 30 minutes 

E 2 hours 35 minuter 



Hov Buch longer does it take for 
■017 Corm form ^•^ B «o 50 kilometers than 

^o"* cix A to to 50 
Kilometers t 



If P • LW snd If P • 12 

and L - 3, then. U is ti^usl 
to 

B J 

c u 



0 12 



FIGURE 8. VOLUME 



WORD PROBLEMS 



Ibs039 



Routed Form 



ID<168 



CoPt Fori 



Vhmt it the volume of * 
rect*ncultr box vith 
Interior dimensions 10 cm 
long, 10 cm vide« nnd 7 cn 
hish? 



A 21 cm' 



B 70 ciD^ 
C HO cm' 
D 280 cm' 



C 700 cm 



Rotated Form 



sssss9st&sssesssss:5s:sss:sssssssssssss588sesstttss 



A solid plastic cube vith 
edges 1 centimeter long 
weii(hs 1 grsjn. Hov such 
vill a solid cube of th« 
ssAe plsstic veigh if esch 
edge is 2 centi<a«ters long? 

A 6 graas 

B U graas 

C 3 grmas 

0 2 grams 

t 1 gram 



:xss£sssrsss3S£S3Sss«:sxxssssssesssxsxsssa8SS««a« 



Michael has a large 
number of vooden blocks 
which are cubical in 
shape with esch edge 
1 centimeter long. Vhst 
is the maximum number of 
these blocks that can be 
used to fill * rectangular 
box vith interior dimensions 
\0 centimeters long. 10 
centimeters vide aj»d 7 
centimeters hlght 



A 27 

B 70 

C 11*0 

D 280 

t 700 



tD»136 RoUUd fori 

««««xxs««««««««s»s««»««««««« 

What is th« capiicltr of 
a cubic container 10 cm 
by 10 cm by 10 cm t 

A 1 liter 



B 10 liters 



ERLC 



C 100 liters 



0 XOOO litars 



t 1000 eaatlMt«r« 



DIAGRAM PROBLEM 



ID«072 touted Form 

«««««X««C«S«XtXXSXXXS3CX3X«XC««BX«««X«««ftSX«XSSrXSXXS 




3 2 CI 



The figure above shova a 
rectangular box. Which 
of the folloving is 
closest to the voIvhc of 
this boxt 



S3 



mi CQPY mmil 



A 


16 


cm' 


B 


18 


cm' 


C 


28 


cm' 


D 


36 


cm' 


E 


V8 


cm' 



FIGURE 10- GENERATING FORMULAS OR EQUATIONS 
WORD PROBLEMS 



10.016 «oUt#d for* 



I0r052 
ftstsss: 



Sodft costs a cents for esch 
bottle, inclvding the deposit, 
but the.e Is s refund of 
b cents on esch e»pty bottle. 
How much will Henry have to 
psy for X bottles If he brine* 
bscK y "emptiest 

A az ^ by cents 

B ox - cents 

C (a - b)x cents 

D (a ♦ r) - (fc ♦ y) cents 

t Viooe of these 



Rotated Fora 

ssrsssssssssssxxxssxssx: 



The coat of printing greeting 
carda conBiete of a fixed 
charge of 100 eente and a 
charge of 6 cente for each 
card printed. Which of tr\e 
foilovini; e^ustions csn be 
used to determine the cost 
of printing n csrds? 

A cost » (100 < 6n; cents 

B cost ■ (106 ♦ n) cents 

C cost ■ (6 ♦ lOOn) cents 

0 cost ■ (106n) cents 



TABLE PROBLEMS 



I0r019 Cort For* 



The table below conpares the 
height frow which a ball Is 
dropped (d) snd the height 
to which It bounces (fc). 



d 


50 


80 


100 


190 


b 


25 


uo 


50 


75 



Vhlch formula describes this 
relationship? 

A b • 

a b • 2d 



c 

D 
C 



h • d ♦ 25 



IDt055 
«tt sxss 



Rotated For« 

;ss35:sssssss:sssssssrs: 



ESSSSSStSS 



m 




-1 


1 


2 


U 


n 




-1 


3 


5 


9 



tCIDTl«9 
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I cost • (600n) ctots 
Cor# Fom 



A shopkeeper hat x kg of 
tea in stock. He sells 15 
kg and then receives a oev 
lot weighing 2y Vhat 
weight of tea does he now 
have? 

A X - 15 - 2!/ 

B X 15 ♦ 2y 

C X • 15 ♦ 2y 

0 X ♦ 15 - 2y 



For the table shown, 
a formuls that could 
relate m and n Is 

A n ■ m 

B n • yn 

Q ft ■ 1 

D n ■ m* ♦ 1 

C n • ^« ♦ 1 



84 



BEST COPY AVAIUBLE 



FIGURE 12. STATISTICS PROBLEMS 



BAR GRAPH 



IDr099 



Rotated Fori 



Fori 



IOt067 



WORDS 



Rotated Fori 



Joe had three test scores or TS. 
76 and 7^. vhlle M«ry had scores 
of 7?, 62 and 7U . Hov d;i Joe's 
average cor;pare with Mary's? 

A Joe's va$ : point higher. 

B Joe's was ; point :o-'cr. 

C Soth averages were ihc saae. 

D Joe's vas 3 points higher. 

£ Joe's v%* 2 points lover. 
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Week 

In the graph, rainfall in 
ccntiofvera it plotted for 
13 vceks. The average weekly 
rainfall during the period is 
approxiOAtely 

A 1 centimeter 

B 2 ceotiaeters 

C 3 centUieters 

I> V ctntiaeters 

t 3 centiseters 



IDs 132 



Rotated Fora 



NUMERICAL 



A ttan scared an average of } points 
per $a.-:e ov^r 5 games. Hcv -try 
points altogether were sccrei ir. the 
5 gar.es" 



Rotated Fora 



ERLC 



D 5 
E 15 
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BFST RfiPV m e 



Th* »rit.n«et;r T.rnn 
. «iverage ) of . 1 . ^0 , 
*'.wO, 3»T5 ii equtt« to 

A 2.10 

a 2.5^ 

C 3.75 

U 7.65 

E None of these 



FIGURE 13. 
COORDINATE SYSTEM/GRAPH 
PROBLEMS 



WORDS 



1D:C29 



Rotated Form 



One of the foUcwin^ pcinlt 
can be Joined to the point 
(-3f^) by a line segraenv 
Which cuts WEITHEP the r 
HOR the y ojcia. Which one? 

A (-2.3) 



B (2,-3) 

C (2.3) 

D (-2.-3) 

E (i*..3) 



GRAPH 



GRAPH + WORDS 
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Rotated Fora 



, zzttztztzzizz: 



a t: 



The itraighl line Jcirlne 
the points (2.3) ar.^l ^2/:) 
cuts the sirslfn*, Wr.t 
Joining the poinis U.-) 
«nd (6.J-) at the pcir.t 

A (U,2) 

6 (:>) 

C (1.3) 
D (2.3) 



t (2.I-) 



ERLC 



Core Fora 



For 



H 1— ^ — 



-h— « * 



-1 -2 -l-i 
-J 
-1 



What ere the coordinete* of point P 

A (-3»«-) 

B (-i*.-3) 

C (3.**) 



lDti69 Kouted Fort • 8tn Grade (Pop\jUtion A) 
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For* 

s tssss : 



Sufpo^r you iinr*. ?o;r.i Mi 
•ove % 4iiitncr of one x-.ii to 
^••.•^). ihen lure i^ft •n* oo%> 
ont unit to \n« point PIO,*?). If 
fou M^^n turn *ert «ntf »ave one unit 
you wii; now be •! tr.t poiot with 
' • coordinates 



tO.- 



aont or 

these 



FIGURE 14. (PAGE 1 OF 2) TABLE 
PROBLEMS REQUIRING RESPONSES 
WITH DIFFERENT SYMBOLIC FORMS 



FORMULA 



ID? Hi? 



NUMBER 



lDr019 



Core For* 



10r055 



ERIC 











bclov compares 
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frcs Which t tail 
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A b 


• a 




a b 


« 2i 










C i3 






D 


^ d ^ 2b 





Rotated For<^ 



n 




-1 


1 


? 




rt 


-1 


3 




9 



For Ihf tAble ihown, 
• fcrmuli thai could 
relate m and n Is 

A n » m 

B n • >i 

Q It • • I 

D n • ♦ I 

E n • ^ ♦ I 
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X 


3 




P 


V 


T 


Q 


35 



The table above shows the 
values of X and where r 
I* proportional to y. •V.at 
are the values of P and Q? 

A P • lU mnd Q • 31 

B P « 10 and Q • lU 

C P • 10 and Q • 31 

D P • U and Q • 15 

t P • 15 and Q • :U 



Rotated Fora 

A tovlms baU travels 
I* oeteri per second. The 
distance In oeters traveled 
in t seconds Is given by 
d • ^C. In the table below, 
X IS equal to 



c 


cf 


0 


0 


1 




2 


6 


3 


X 


u 


16 



A 6 

B 10 

C 12 

D lU 

£ Aoae of theae 



FIGURE 14. (PAGE 2 OF 2) TABLE 
PROBLEMS REQUIRING RESPONSES 
WITH DIFFERENT SYMBOLIC FORMS 



BARCHART 
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Rotated For« 



Fort D I tea 3^ 
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Her« la a tAbie ihai shovs the nvirter 01' 
tree* planied along 4 hlgnwmy in ft -een . 



Days of 


Hon 


Twe5 


Wed 


Thurs 


rn 


cf Tr?«5 
Fianlc J 


60 




^0 


60 


90 





On the :lli*rat beicw, the graph fcr the 
first i-'o iays' planting has been irawn. 



100 

eo 

60 

uo 

20 
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. » ■ A 4 

* • * 


•• 

1 » » * 
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If the graph were compIeteJ. wr.:cn ^olnt 
wouM tn<Jlc«t« the top of ir.f tar if. 
n.uraJay ? 



A point, P 

h point Q 

C point 8 

0 point S 

t point T 



Hon Tuef Wed Thurt Frl 



ERLC 
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RFST nnPY mil adi r 



FIGURE 15. (PAGE 1 OF 2) B ARCH ART PROBLEMS REQUIRING 
RESPONSES WITH DIFFERENT SYMBOLIC FORMS 



WORDS 

I0s03** Rotated Torn Form 0 litt 




V-V.icr. of the9e Is a TtOt 
slAiertent about the 
inT'^rr.Ji^ion shewn on ir.< 

A Grade 2 \s the 
smallest class 

3 Grades 2 tni l* havt 
the sane number of 
students 

C Grade 3 has twice 

AS many boys at s^ds 

D Grade I* has more 
girls than boys 

c Grade 1 has as many 
boys as there are 
girls In grade ^ 



BARCHART + TABLE NUMBER 



IOs096 Rotated Fcra Port 0 I ten 8 



Here are a table of data and a 
graph of the sane data. WTtat 



is X? 




Nusber of Cars 


FreQueno 


0 or 1 


2 


2 or 3 


X 


^ or b 


7 


6 or 7 


3 



6 



or 
U 
a 
u. 



0-1 2-3 C^^56-T 
Huttber of cara 



A 2 

B 3 

C I* 

D 5 
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FIGURE 15. (PAGE 2 OF 2) BARCHART 
PROBLEMS REQUIRING RESPONSES WITH 
DIFFERENT SYMBOLIC FORMS 



NUMBE"^ 



Routed For« • 



I ; J «. S ( 7 • 1 10 a U 13 
Veek 

In the «rtpn, ralnfiill In 
eentiaetcrt is plotted for 
13 week*. Tbe »vcr»«e weekly 
rainf&ll during the period it 
ApproxlBAtely 

A 1 centieeter 

B 2 ceotiacterft 

C 3 centlaetert 

D U centlaeteri 

t 5 centifiKtert 



sssssssssssszsrssss: 



Rotated Form 
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10 



n 

9 
Si 

V. to 
C M 



3 



12 



Age (Fksnths] 



The weight gain froo 6 to 10 
sor.ths v»s 



A 
B 
C 
0 
E 



1 Kg 

2 Kg 

^ Kg 
6 Kg 
6 Kg 



IDs 162 Rotated for* 
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30 



0-s 4-10 n-i^ u-jo 
Tlae (In nlnutes) 



The graph showt the tine of tr*wei 
by pupils from hoot to •chool . How 
BAivy pupili "ust travel for MOB£ 
th«A 10 ninutes? 



A 

B 

C 
D 
£ 



2 
5 
7 
6 

15 



FIGURE 16. 

DIAGRAM PROBLEMS REQUIRING RESPONSES 
WITH DIFFERENT SYMBOLIC FORMS 



FORMULA 



•^=093 RoUUcJ form 




crrrfrn lliler.cm for 
t X ■ *• ♦ 3 



NUMBER 



IDsO?7 KoUted For* For* C Ittt \ 




